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A Western Sydney University Educational Doctorate 
An Educational Doctorate (EdD) at Western Sydney University (WSU) is a research-
based professional practice degree embedded in candidates' professional practice in 
the field of education. It is practice-led research and a research-led practice degree 
aimed at producing graduates capable of conducting independent research.  
 
Five areas form the basis of study available under the Doctor of Education: 
• policy studies in education 
• curriculum studies 
• learning and teaching 
• socio-cultural studies 
• educational leadership and change 
 
To meet the criteria of the award, the candidate completes three workplace projects 
which focus on a specific aspect of the candidate's professional practice and reflect 
engagement with relevant theory, literature and research relevant to it. This is 
presented as an examinable portfolio of work. 
 
The key elements of my portfolio are provided in Table 1.1. 
 
Table 1 
Summary of my Portfolio 
Chapter Summary 
1 Overarching Statement that introduces and contextualises this 
research. 
2 Scholarly Paper 1 - Literature Review of brain research. 
3 Workplace Project 1 - Teacher learning Crazy by Design workshop 
package. This focuses on filling the gap in teacher knowledge about 
brain research, information processing models, pedagogical practices, 
learning tools and essential understandings of adolescence. 
4 Scholarly Paper 2 - Literature Review of teacher learning. 
5 Workplace Project 2 - Purple High School Action Research Report(s). 
6 Scholarly Paper 3 - Literature Review of 
teachers-as-researchers and the value of action research.  
7 Workplace Project 3 - Action Research Handbook. 
xxiv 
 
and teacher learning package which focuses on filling the gap in 
teacher knowledge about how to conduct action research in own 
school context. 
8 Overarching Statement (continued) that summarises answers to 
research questions. 
 
The research component is represented by three scholarly papers encompassing the 
areas of neuroscience, teachers-as-researchers and teacher learning. This research is 
embedded in professional educational practice through three Workplace Projects: 
• Project 1: A teacher learning workshop package entitled ‘Crazy by Design’ that 
includes a Pedagogical Practices and Learning Tools Handbook. 
• Project 2: Research report on action research conducted at PHS.  
• Project 3: A teacher learning workshop package that includes an Action Research 
Handbook for Teachers. 
 
The reason for choosing a professional doctorate rather than a PhD, is its proximity 
to classroom practice. It provided the opportunity for my research to be embedded 
in professional educational practice and have the potential to impact on my daily 
work and the daily work of teachers. 
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CHAPTER 1 - OVERARCHING STATEMENT 
 
On July 25, 1989, President George Bush signed a presidential declaration designating 
the 1990s to be the ‘Decade of the Brain’. There has been an explosion in the 
information available about the brain since Bush’s declaration, which has the 
potential to widely inform teaching and learning. This research base has continued 
to grow and expand during 2010 – 2018 while I have conducted my research. 
 
Background to the Research 
In 2009, I was approaching the end of my second contract as a regional curriculum 
consultant for the state of New South Wales’ (NSW) Department of Education and 
Communities1 (DEC) in Australia. At this time, I had to decide on returning to a school 
position or seeking another consultancy contract. It was about six months before the 
beginning of a system-wide structural realignment and I was reflecting on my ability 
to improve the learning outcomes for students in my classroom and whether I could 
have a greater impact on student learning, wellbeing and engagement in a school 
setting or in a consultancy role. I was reflecting on how the opportunities I had had 
as a consultant had improved my practices and how, if I chose to, I would go back 
into a school as a different and far more effective teacher and leader of teachers. I 
believed I had expanded and refined my knowledge, skills, experiences and 
understandings to include a diverse range of high impact pedagogical practices. I 
understood how to effectively differentiate. I could weave assessment ‘of’, ‘for’, and 
‘as’ learning, learning intentions and feedback into classroom experiences to 
promote better quality outcomes for students. I could incorporate literacy as a tool 
to engage, and for deepening learning, and I had a good understanding of what 
quality practice looked like and how to articulate it in the language of the Quality 
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Teaching in NSW Public Schools (New South Wales Department of Education and 
Training, 2003) framework2.  
 
However, I wanted to develop a more expert knowledge about the learners in my 
classroom and a level of practical expertise that extends from a deeper and 
specialised understanding of educational research. This goal became fundamental to 
defining my research area and question, and extended from reflections on my own 
context which challenged my own theories about teaching and learning. If I wanted 
to become a more effective teacher, if I wanted the teachers I led to be more 
effective teachers, I had to think differently and from a new perspective. I needed to 
define my current praxis and the praxis of the teachers I would be leading. I began to 
critically explore the educational research in a search to define best practices for 
adolescent mainstream classrooms. The further I explored the research and its 
application to my work, the more confident I felt that I had an effective knowledge 
base and range of practices, but there must be something else, something I was 
missing, something more I could do, something I didn’t know, something ‘outside the 
box’. 
 
As a regional consultant I was responsible for researching, preparing, facilitating and 
evaluating teacher learning for diverse groups of teachers and in diverse contexts. 
Through this process I became increasingly aware that I had a substantial number of 
‘things’ in my box and that I knew a lot about teaching. But I also became increasingly 
aware that I did not know everything about teaching or about my students. There 
were things outside of my box, things that I did not know that I did not know. 
Rumsfeld (2002) described this tension in the following way: 
There are things we know that we know. There are known unknowns. 
That is to say there are things that we now know we don't know. But there 
are also unknown unknowns. There are things we don't know we don't 
know (Rumsfeld, 2002, response to question 1). 
 
Like many teachers, I had several unknown unknowns about teaching and this was 
impacting on my teaching and on the outcomes of my students. I was not satisfied to 
just do what I had always done and achieve the same results that I had always 
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achieved. I was driven by a commitment to continuous learning and to continuous 
improvement. I moderated this with the understanding that no one person can know 
everything. These dispositions underpinned my commitment to this research.  
 
As a Middle Years’ regional curriculum consultant, I had the opportunity to attend a 
Middle Years conference in Wollongong in 2006. One of the presenters at that 
conference was clinical psychologist, Andrew Fuller. Fuller works with many schools 
and specialises in the wellbeing of young people and their families. He is a Fellow of 
the Department of Psychiatry and the Department of Learning and Educational 
Development at the University of Melbourne. At the Wollongong conference, as part 
of his presentation, Fuller questioned whether brain research supported or 
conflicted with the Quality Teaching Model of the then NSW Department of 
Education and Training (DET). This continued to hold my interest until, in 2009, I 
worked on a conference with Fuller and raised his previous conversation with him 
over lunch. During this conversation, we talked about my interest in pursuing a 
Doctorate and the challenges I was experiencing in trying to decide on a focus area. 
I had been involved in leading literacy programs, projects and teacher learning for 15 
years and was looking for something else to challenge me, something else that had 
the potential to significantly impact on student learning outcomes, something new 
and ‘outside the box’. I reminded Fuller of his comment from 2006 and asked him 
where he thought the next interesting educational research might be. One of the 
ideas we discussed was the potential for adolescent brain research to influence and 
impact on teaching and learning.  
 
In 2009 my musings began to coalesce with a conversation I had had with Fuller. I 
wanted to be able to use current and emerging educational research, in combination 
with current educational practice, to expand current educational tools and use this 
to offer other suggestions and strategies that would improve the educational 
experience and outcomes of adolescent learners. I wanted to make more evidence-
informed decisions about the learners in my classroom and to be able to do this I 
needed more knowledge, better understandings and greater skill. As I began to 
explore the emerging field of brain research I saw the potential application of areas 
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of cognitive neuroscience in my classroom. I began to conceptualise why specific 
pedagogies and learning tools had worked in my classroom. I began to see things that 
I believed were different from what other teachers saw – an opinion that was based 
on teacher dialogue about teaching and learning. I believed that brain research could 
have a similar potential for teachers and was worth exploring as part of a teacher’s 
toolkit. I was beginning to see the specialist application of a tool that teachers 
frequently did not have access to – that teachers weren’t trained to look for, or to 
see the things that I was starting to see through the lens of brain research.  I began 
to ask, “So where do I start?” The answer? “I start at the beginning; what do I know 
about the adolescent learner and how their brain impacts on their learning?” 
 
When I reflected on the links between wanting to improve my practice by expanding 
my knowledge, and the potential of examining and applying brain research to better 
understand the adolescent learners in my classroom, I could see: 
•  That brain science had the potential to influence practice because of scientific 
advancements, innovations and developments that had evolved along with 
science to support core traditional practice. 
• The potential to use brain science in education as a complementary tool that 
build onto, but did not replace, best practice. Brain science had the potential to  
provide additional right direction for teachers of adolescents. 
• Brain science could support the purpose of educational research by identifying 
actions that have the potential to improve teacher practice and student learning 
outcomes. 
 
Aims of this Research 
This research aims to influence teacher understandings of brain research and its 
implications for teaching adolescents by addressing the following issues: 
1. What are the implications of changes in the adolescent brain for teaching and 
teachers and the adolescent learning environment? 
2. How can teachers better accommodate knowledge of the brain into their 
understandings and pedagogical practices for adolescents? 
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3. What can the use of a teacher-as-researcher model contribute to teacher 
learning in understanding brain research and the adolescent learning 
environment? 
 
To address these questions, this research aimed to: 
1. Design, implement and evaluate a teacher learning package that would fill a 
gap in teacher knowledge by strengthening teacher knowledge of current 
brain research and deepen teacher understanding of the connection between 
this research and the adolescent learning environment. 
2. Support a team of teachers to use an action research3 methodology to apply 
brain-research-informed pedagogical practices, learning tools and ‘essential 
understandings’ of adolescents in mainstream adolescent educational 
learning environments to improve educational experience and success. 
3. Develop a further teacher learning package that: 
i) Builds the capacity of teachers outside of my research, and leaders of 
teachers, to implement action research processes in their own context to 
improve practice. 
ii) Describes how teachers at Purple High School (PHS) worked as teacher 
researchers to use brain research to improve the educational experience 
and success of adolescent learners, and what they learned about action 
research as teacher learning. 
 
Research Plan 
This research addresses these aims and questions by telling the story of three inter-
related projects. It engaged with three areas: with neuroscience, with teacher-as-
researcher and with the teacher-learning literature and research and built 
connections to teacher praxis.  
 
Project 1 starts with a scholarly paper that identifies a gap in teacher knowledge 
about the brain, the information processing model, essential understandings of 
adolescence, pedagogical practices and learning tools. The portfolio then presents 
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Workplace Project 1, the design of a teacher learning workshop called Crazy by 
Design which addresses the gap in teacher knowledge.  
 
Project 2 explores, through a scholarly paper, the literature about the important role 
teachers play as researchers who generate knowledge about teaching and learning 
and for education from within teaching traditions. The practical implications of 
conducting action research are explored through Workplace Project 2, a case study 
of teacher research at PHS. This example of action research is documented and 
examined through an action research report which includes the results of the PHS 
action research, telling this through the story of the researcher, the story of the 
teacher and the story of the student. Two important understandings are extrapolated 
- how to implement action research, and its application as a methodology for 
effective teacher learning.  
 
Project 3 includes a scholarly paper that synthesises the literature to identify key 
learnings about conducting and leading teacher learning and evaluates the 
effectiveness of using an action research approach to teacher learning. The criteria 
for successful implementation is identified and presented as practical advice for 
conducting action research in the form of a second teacher learning workshop 
workplace project - an action research handbook to support teachers in conducting 
action research in their own school, and an action research teacher workshop.  
 
The workplace projects and scholarly papers are contextualised by an overarching 
statement that: 
• gives the narrative of my research, 
• outlines the implications of what I have learned, and  
• offers suggestions and recommendations for how teachers could apply these 
learnings in their own contexts. 
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Context of the Research - The Researcher 
I have been employed by the NSW Department of Education (DoE) since 1991 and 
have taught in six high schools in two different regions of Sydney - Metropolitan West 
and South Western Sydney. I have held various teaching roles including: casual 
teacher, temporary teacher, permanent part-time teacher, classroom teacher, Head 
Teacher4, Deputy Principal and curriculum consultant. I have held several mentoring 
positions including Advanced Skills Teacher5 and school-based Middle Years Project 
Officer6. My overriding concern in undertaking this research was that it would have 
practical benefits for teaching in schools and potentially impact positively on student 
learning outcomes. 
 
At the time of commencing this research, I was employed as a Middle Years Quality 
Teaching Consultant with the Curriculum and Leadership Portfolio of the South 
Western Sydney Region (SWSR) of the Department of Education and Communities 
(DEC), a role I held for six years from 2006 to 2011. South Western Sydney Region at 
that time comprised 276 schools in five geographic areas stretching from densely 
populated, inner western suburbs 14 kilometres from the centre of Sydney to semi-
rural areas on the far south-western fringes of the wider metropolitan area over 100 
kilometres from the city centre. There were 63 secondary schools (23% of the total), 
182 primary schools (66%), three infants’ schools (1%), 25 schools for specific 
purposes (9%) and three environmental education centres (1%). South Western 
Sydney Region was the largest of the ten public school regions in NSW with 
approximately 18% - over 132,000 - of all public-school students in the state. 
Students in the region come from a wide variety of cultural and language 
backgrounds - 34% from English speaking backgrounds, 64% from culturally and 
linguistically diverse backgrounds (CALD), including approximately 3000 refugees, 
and 2% from Aboriginal and Torres Strait Islander (ASTI) backgrounds (Department 
of Education and Communities: South Western Sydney Region, 2011, p. 7).  
 
My consultancy role had a dual specialist focus on the ‘Middle Years’ and ‘literacy’. It 
provided consultancy support to teachers, school leaders, schools, consultants and 
students in the South Western Sydney Region of the DEC by: 
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• Planning and implementing teacher learning opportunities that assisted, advised 
and supported classroom teachers to achieve enhanced outcomes in the Middle 
Years and in literacy. 
• Assessing and prioritising the needs of Middle Years students with a focus on 
integrating research-based priorities generally (such as Quality Teaching, 
numeracy, ICT, 21st Century learning, Gifted and Talented Education, Girls’ 
Education and Boys’ Education) and in literacy specifically.  
 
 I had been Deputy Principal at PHS since 2012, where this research is set. At the 
beginning of the 2017 school year I was appointed as Deputy Principal at Blue High 
School.  
 
Context of the Research - Purple High School 
PHS is in the south-western suburbs of Sydney. The school was established in 1954 
replacing a school formerly established on the site which opened in 1929. The school 
is a multicultural comprehensive girls’ high school with over 89% of the students 
coming from CALD communities. The school was culturally diverse, with students 
from approximately 62 different countries with over 50 languages being spoken by 
the students and their families. Many of these students were from a refugee 
background. Aboriginal students accounted for approximately 2.2% of the school 
population. PHS is situated in a low socio-economic status (SES) area, and as such 
experiences many of the educational and social challenges of low SES. Prior to the 
introduction of a RAM funding reform7, PHS received ‘Low SES National 
Partnerships’8 equity funding to address the additional learning needs of students 
from low socio-economic backgrounds. This gives a specific perspective to the 
application of the results of this research, as so far, it has only been applied in a single 
gender school, in South Western Sydney. In developing and trialling the Crazy by 
Design teacher workshop, aspects of the research have been applied by teacher 
participants in other contexts including a co-educational, a girl’s and a boy’s public 
high school, also situated in South Western Sydney. 
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Context of the Research - The Teachers 
Three teachers self-nominated for inclusion in the action research project of 
Workplace Project 2, one male and two females. This group represented a range of 
teaching experiences including a temporary teacher, a permanent classroom teacher 
and a Head Teacher. Action research is “a disciplined process of inquiry conducted 
by and for those taking the action” (Sagor, 2000, p. 3). The primary reason for 
teachers to engage in action research is to assist them to improve and/or refine their 
teaching. Three Key Learning Areas9 (KLAs) were represented: History, Science and 
English/Drama. The targeted classes included a Year 8, a Year 9 and a Year 11 class. 
The profiles of the teachers in this study follow. 
 
Teacher A is a 33-year-old male with 6 years teaching experience mostly at PHS. At 
the time of his involvement in the action research he was appointed as a temporary 
teacher within the PHS History faculty and coordinated the schools’ Philosophy 
group. He holds formal qualifications in Sociology, History and Philosophy. 
 
Teacher B is a 41-year-old female who has been teaching at PHS for 17 years. At PHS, 
she teaches English and Drama. She holds a B.A. Dip. Ed. with a double major in 
English and Theatre Studies. Prior to entering secondary teaching, she worked in 
Early Childhood Education.  
 
Teacher C is a 38-year-old female who has been teaching for 13 years. She is a 
permanent member of the executive staff at PHS, holding the position of Head 
Teacher Science. Teacher C has taught in a range of contexts including a co-
educational Catholic high school and overseas. She has also taught casually for a 
short period. Teacher C holds a Bachelor of Medicinal Chemistry (Honours) with a 
double major in Chemistry and Biology. Prior to teaching she was involved in scientific 
research. 
 
Teacher D (the researcher) is a 45-year-old female who has been teaching for 23 
years. I have taught in a range of contexts and have held a consultancy position in 
the DoE. I was a permanent member of the senior executive team at PHS, holding 
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the position of Deputy Principal at the time of this research. My academic 
qualifications include a Bachelor of Education and a Master of Education (Educational 
Administration). 
 
Context of the Research - Schooling in Australia 
Schooling in Australia is compulsory between the ages of 6 and 17 depending on the 
state or territory in which the schooling is occurring. There are three main education 
providers in NSW including the State Government, which is responsible for providing 
free schooling to approximately 67% of the school population, the Catholic Education 
system, responsible for schooling approximately 18% of the school population and 
the independent schools sector which is responsible for schooling approximately 15% 
of the school population ("Australian Schools Directory," 2017, para. 1). In NSW 
government schools, there are 17 fully selective and 12 partially selective 
government high schools for students demonstrating high academic standards and 
four selective Agricultural high schools. In NSW, the secondary school credential is 
the Higher School Certificate (HSC)10. To qualify for a HSC, students must have 
completed a minimum of 12 units11 of courses in Year 11 (Preliminary) and 10 units 
in Year 12 (HSC). 
 
In 2010, school education in Australia was impacted by the introduction of the first 
national curriculum. Previously, each Australian state and territory was responsible 
for developing its own curriculum. The Australian Curriculum, Assessment and 
Reporting Authority (ACARA) was tasked with the job of developing the Australian 
Curriculum and setting the expectations of what all Australian students should be 
taught, regardless of where they live, their ethnicity or economic status. In NSW, The 
Board of Studies, Teaching and Educational Standards NSW (BOSTES) was responsible 
for the implementation of the Australian Curriculum. BOSTES sent advice to all 
schools advising that teachers were to commence implementation of Phase 1 English, 
Mathematics, Science and History Syllabuses in Years 7 and 9 classrooms from 2014 
and in Years 8 and 10 in 2015. Phases 2 and 3 includes Geography, Languages, the 
Arts, Health and Physical Education and Technologies. The first of the Phase 2 
syllabuses to be implemented was the Geography Syllabus, which commenced with 
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Years 7 and 9 from 2017 and with Years 8 and 10 in 2018. In NSW, syllabuses are 
developed by BOSTES for all DoE, Catholic Education Commission (CEC), Association 
of Independent Schools (AIS), and other school systems which incorporate the 
Australian Curriculum.  
 
On 1 January 2017, the NSW Education Standards Authority (NESA) replaced BOSTES. 
 
Context of the Research - The NSW Education System, Policies and Reforms 
NSW has a mixed provider model of education that aims to support 
student and parental choice. There is a mix of government, non-
government, for-profit and not-for-profit education providers 
throughout the early childhood, school and vocational education and 
training sectors. In the schools setting, 2,200 public schools cater for 
748,000 students and 900 non-government (or private) schools cater for 
390,500 students (Piccoli, 2014, p. 2). 
 
The sectoral differences in the NSW education system add complexity to managing 
the reform agenda of the NSW government. The public school system is operated by 
the DoE and has historically been highly centralised, with schools having limited 
power over how they spent their budget, engaged staff or made decisions about their 
students. In addition, NESA is responsible for the development of the curriculum, 
accreditation of teachers and the development and conduct of the HSC and the 
Record of School Achievement credentials (RoSA). NESA is also responsible for the 
registration and accreditation of schools. 
 
The Middle Years of Schooling 
In 2001, emerging educational research was focused on the Middle Years12 of 
schooling. Issues included understanding and addressing the needs of adolescent 
learners as a discrete developmental period and employing strategies that ensured 
the continuity of students' engagement in learning transitioning from primary Stage 
3 to secondary Stage 413. The NSW public school system addressed these issues 
through a policy focus on the middle years of schooling by introducing A Linkages 
Project14 in response to the NSW BOSTES initiatives. 
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In 2006 the NSW DET produced the Middle Years strategy entitled Our Middle Years 
Learners - Engaged, Resilient, Successful and in 2008 published The Middle Years of 
Schooling Information Package. In the South Western Sydney Region of the NSW DET, 
where I was a curriculum consultant during 2006 - 2011, Middle Years Learners were 
a focus area of the regional management plans and a key strategy involved 
identification and dissemination of information about best practice approaches in 
the Middle Years (New South Wales Department of Education and Training, 2009). 
 
Quality Teaching Model (2003) 
In 2003 the NSW public school system prioritised the Quality Teaching Model as a 
long-term strategic pedagogy. The Quality Teaching research agenda was led by Dr 
James Ladwig and Professor Jennifer Gore in consultation with, and on behalf of, the 
NSW DET (NSW Department of Education and Training, 2003a, 2003b, 2003c, 2003d, 
2003e, 2004a, 2004b). The DEC was at that time committed to the implementation 
of the Quality Teaching pedagogical model across all DEC schools, because “quality 
teaching is essential to the success of our students” (NSW Department of Education 
and Communities, 2012, p. 4) and “research shows the difference between good and 
bad teaching can amount to two years of student achievement” (NSW Department 
of Education and Communities, 2012, p. 6). The Quality Teaching in NSW Public 
Schools framework was based on three dimensions - pedagogy that focuses on 
intellectual quality, the importance of a quality learning environment and learning 
that has significance for students (New South Wales Department of Education and 
Training, 2003). The Quality Teaching in NSW Public Schools framework had its origins 
in Authentic Pedagogy (Newmann, 1996) and Productive Pedagogies (Lingard et al., 
2001).  
 
Melbourne Declaration on Educational Goals for Young Australians (Melbourne 
Declaration) (2008) 
The Melbourne Declaration on Educational Goals for Young Australians (Melbourne 
Declaration) replaced the National Goals for Schooling in the Twenty-First Century 
(Adelaide Declaration, 1999) and set the directions for Australian schooling between 
2009 and 2018. The Melbourne Declaration was developed by the Australian 
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Education Ministers in collaboration with the government, Catholic and independent 
school sectors. 
 
The Melbourne Declaration (2008) identified the impact of global changes on the 
Australian education system including the growing influence of India, China and other 
Asian nations and the rapid advance in information and communication 
technologies. It identified the challenge of improving on a top ten ranking in the 
Organisation for Economic Co-operation and Development (OECD) Program for 
International Students Assessment (PISA) by focusing on improving educational 
outcomes for Indigenous Australians, and students from low socioeconomic 
backgrounds and reaching Year 12, or equivalent, completion. The Melbourne 
Declaration (2008) set the following two national education goals:  
• Goal One: Australian schooling promotes equity and excellence. 
• Goal Two: All young Australians become: 
o successful learners, 
o confident and creative individuals, 
o active and informed citizens (p. 7). 
 
The Melbourne Declaration (2008) made explicit many commitments to action. These 
included: 
• Developing stronger partnerships. 
• Supporting high quality teaching and school leadership. 
• Strengthening early childhood education. 
• Enhancing Middle Years’ development. 
• Supporting the senior years of schooling and youth transitions. 
• Promoting world-class curriculum and assessment. 
• Improving educational outcomes for indigenous youth and disadvantaged young 
Australians, especially those from low socioeconomic backgrounds. 
• Strengthening accountability and transparency (p. 10). 
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The focus of educational research, policy and reforms have shifted during my 
research. The issues important at the commencement of my research have moved 
from the agenda and are no longer in the foreground of the educational context in 
the same way. The important issues now include designing a national school 
curriculum to better prepare students for life and work in the 21st Century, and 
designing flexible learning spaces that are future-focused, have capacity to adapt to 
the continual changes in technology and can be adapted to meet the needs of 
creative and critical thinkers (New South Wales Department of Education). Masters 
(2016) suggests the challenges for education in Australia include reducing disparities 
between Australia's schools, particularly along socioeconomic lines and raising the 
professional status of teaching. The recent reforms in the NSW education system 
started with the Melbourne Declaration and reflect these current issues.  
 
NSW Education Reforms 
In 2011, as the Declaration reforms began to be implemented, the national and NSW 
educational context was informed by the middle-years-of-schooling research, the 
Quality Teaching Model and the commitments to action from the Melbourne 
Declaration. Many teachers had gained greater understanding of Middle Years’ 
pedagogy and research since the mid-1990s. Teachers, school executives and 
principals were using the common language of the Quality Teaching Model to focus 
on: professional dialogue, critical reflection on classroom and assessment practices, 
and planning and redesigning activities, lessons and units of work (Professional 
Learning and Leadership Development Directorate, 2008). Most teachers now have 
a good understanding of the three dimensions (intellectual quality, quality learning 
environment and significance) and the 18 elements of the Quality Teaching Model 
and could apply the model to improve student learning outcomes. In addition, the 
Melbourne Declaration (2008) was committed to, among other things, enhancing 
Middle Years’ educational achievement and supporting the senior years of schooling. 
Both groups of students fall within the age group defined by ‘adolescence’.  
 
In addition to the Quality Teaching Model and the Melbourne Declaration, NSW 
education reforms between 2011 and 2016 have included:  
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• Local Schools, Local Decisions (LSLD)15 reform including the Resource Allocation 
Model (RAM) and the Quality Teaching, Successful Students16 initiative. 
• Every Student, Every School (ESES)17 learning strategy. 
• Early Action for Success.18 
• Great Teaching, Inspired Learning (GTIL)19 blueprint for action. 
• Connected Communities.20 
• Rural and Remote Education21 blueprints for action.  
• Supported Students, Successful Students.22  
• Innovative Education, Successful Students and the Secondary Schools Renewal 
Project. 
 
As the Declaration reforms were implemented between 2010 and 2017, the context 
of the NSW education system underwent significant change. Between 2012 and 
2015, a new NSW state government announced its own reforms to meet the goals 
and commitments of the Melbourne Declaration. These reforms have been described 
by the then Minister of Education as “the most comprehensive reforms to education 
in NSW in a century” (Piccoli, 2014, p. 2) and were implemented with the aim of 
improving the quality of teaching in schools and improving outcomes for all students. 
These reforms were introduced quickly and caused some distress for teachers and 
school leaders alike. Some, like the Early Action for Success strategy and the Quality 
Teaching, Successful Students initiative have had little impact on the context of my 
research as they are Primary school23 specific. Policies, such as the School Excellence 
Framework24, Great Teaching, Inspired Learning and Local Schools, Local Decisions 
have a more explicit connection to this research because they were aimed at the 
secondary school context and are briefly outlined in pages 16-18. Some of the 
reforms, such as Local Schools, Local Decisions were administrative in nature while 
others, such as Great Teaching, Inspired Learning were focused on pedagogical 
improvement. The Melbourne Declaration maintains its importance. The 2011 
reform agenda in NSW education indicated a shift away from the Middle Years of 
schooling to a focus on the early years of schooling and reflected a commitment to 
all students and to what Professor John Fischetti (2016), University of Newcastle’s 
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Dean of Education, suggested during his keynote address at the NSW Secondary 
Deputy Principal’s annual conference, was the most significant challenge for teachers 
in 2016, that ‘all’ now means ‘all’. When we say that all students should be supported 
to achieve their personal best, we mean all students, including those students who 
have additional learning and support needs, students who are Aboriginal, students 
in rural and remote NSW, students with disruptive behaviours, and refugee students. 
 
The wide-ranging impact of the implementation of these reforms increased 
organisational stress in schools. A number of these reforms, such as RAM, have 
required extensive out-of-school training for principals, school leaders and school 
administrative staff and have involved significant changes to school organisation and 
administrative processes. As a result, my research coincided with a time of great 
turmoil and great change. The key aspects of the pedagogical reforms are 
summarised below. 
 
Every Student, Every School (2012). Every Student, Every School was implemented 
progressively during 2012 and 2013 to provide better learning and support for the 
more than 90,000 students who had additional learning and support needs (including 
students with disability, learning difficulties or behaviour support needs) in more 
than 2,200 NSW public schools (New South Wales Department of Education, nd-a; 
Public Schools NSW, 2012).  
 
Great Teaching, Inspired Learning - A Blueprint for Action (2013). Great Teaching, 
Inspired Learning (GTIL) was introduced to improve the quality of teaching and 
learning in NSW state schools. It aimed to “ensure that every NSW student in every 
school and in every lesson is inspired to learn by great teachers and great teaching” 
(New South Wales Government, 2013). It introduced a set of sixteen broad reforms 
that included attracting the best and brightest applicants into teaching, better 
support for beginning teachers, new teacher performance management and 
development processes explicitly linked to the Australian Professional Standards for 
Teachers and strengthening school leadership through the implementation of new 
school leadership credentials as part of a Leadership Development Initiative (LDI). 
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Supported Students, Successful Students (2015). Public school counselling and 
wellbeing services were increased through Supported Students, Successful Students 
so that schools could develop and implement a comprehensive and inclusive whole-
school approach to Positive Behaviour for Learning (PBL). Under this initiative a 
Wellbeing Framework linked to school planning and accountability through the 
School Excellence Framework was introduced, and a new Behaviour Code which 
addressed disruptive behaviours in the classroom was implemented with the aim of 
helping all students to participate more effectively in learning activities (New South 
Wales Department of Education and Communities, 2015).  
 
Innovative Education, Successful Students and the Secondary Schools Renewal 
Project (2015-2016). This initiative addressed ‘21st Century learning’ principles and 
encouraged students to work independently and collaboratively in groups, in flexible 
learning spaces and with integrated innovative technology.  
 
The NSW educational context in the second decade of the 21st Century is also 
informed by the implementation of: 
• new mandatory teacher accreditation, 
• a School Excellence Framework, 
• a Literacy and Numeracy Strategy 2017-20, and 
• a National STEM School Education Strategy 2016-2026. 
 
New Mandatory Teacher Accreditation. Teacher learning is an important part of the 
teaching profession. For teachers to gain and maintain teacher accreditation they 
must engage in registered (teacher learning with endorsed providers) and teacher 
identified teacher learning. From January 2018, all teachers in NSW must be 
accredited by NESA.  
 
School Excellence Framework (2014). The School Excellence Framework provided a 
guide for each school to monitor its progress and drive further improvements (New 
South Wales Department of Education, nd-b). The School Excellence Framework 
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supports “all NSW public schools in their pursuit of excellence by providing a clear 
description of the key elements of high quality practice across the three domains of 
learning, teaching and leading” (Public Schools NSW, 2014, p. 1). The aim of this 
framework is to maximise learning, by ensuring that “students achieve at least a 
year’s worth of learning from every year’s teaching” (Public Schools NSW, 2014, p. 
1).  
 
Literacy and Numeracy Strategy (2017-2020). The NSW Literacy and Numeracy 
Strategy has been developed to ensure NSW students have the essential literacy and 
numeracy skills they need for success in learning and in life. The strategy builds on 
the State Literacy and Numeracy Action Plan through a focus on explicit teaching and 
high expectations for all students across all sectors. 
 
National STEM School Education Strategy (2016-2026). The National STEM School 
Education Strategy aims to increase students STEM (Science, Technology, 
Engineering and Mathematics) ability, engagement, participation and aspiration. 
 
Benefits of the Research 
When adolescents are provided with positive educational experiences, in an 
educational context that is knowledgeable about how the brain learns and is sensitive 
to the essential understandings of adolescence, they will be better positioned to be 
successful citizens. Improving educational outcomes for all young Australians is 
central to the Melbourne Declaration. One of the Declaration's commitments to 
action is to enhance Middle Years development. This tenet underpins this research 
in its focus on this developmental stage of adolescence. Another commitment to 
action recognises the importance of high quality teaching and school leadership. 
Within this action area, excellent teachers nurture students as learners, individuals 
and citizens. 
 
The long-term benefits to individual teachers, the case study school, the DoE and the 
wider educational community from participation in this research potentially includes: 
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• Increased knowledge of brain research from an educational perspective - 
specifically, the changes to the brain during adolescence and implications for the 
adolescent learning environment. 
• Increased knowledge of how the brain learns (information processing model).  
• Increased knowledge and skill in applying consequent pedagogical practices and 
learning tools to classroom contexts in South Western Sydney DoE mainstream 
Year 5 to 12 classrooms.  
• Increased knowledge and understanding of what I have termed here as ‘essential 
understandings of adolescence.’ 
• Increased capacity to apply these essential understandings to more successfully 
manage adolescent behaviour, learning and the learning environment and to 
improve outcomes for adolescent students in Years 5 to 12.  
• Increased understanding of how the action research can be used for teacher 
learning to improve teaching quality, the educational experience and student 
success.  
 
At this point, this Overarching Statement know turns to a discussion of, why is it 
important for teachers to know about neuroscience? 
 
Why is it Important for Teachers to Know about Neuroscience? 
Neuroscience research provides a knowledge of “how learning occurs, factors that 
influence learning, an anatomical understanding of how different parts of the brain 
operate, and a cellular understanding to consider when teaching” (McAteer, 2010, p. 
97). Therefore, neuroscience can inform teacher practice and has the potential to 
improve student learning outcomes. However, “there is a serious lack of 
neuroscientific research on how the brain develops after the early years and before 
adulthood” (Blakemore & Frith, 2000, p. 9). There is an even smaller amount of 
literature that links adolescent brain research and the mainstream educational 
context. This is one of the reasons why I chose to undertake this research and why 
this research is focused on adolescents.  
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Research that brings together a range of related neuroscience disciplines including 
cognitive neuroscience, developmental cognitive neuroscience, educational 
psychology and educational theory to explore the interactions between biological 
processes and education is called ‘educational neuroscience’. One aim of educational 
neuroscience is to conduct research that will inform teaching and learning through 
direct dialogue between teachers and researchers. Other themes in educational 
neuroscience literature include the issues, opportunities and value of translating 
brain research to classroom environments. The argument that  “neuroscience, by 
definition, is not about classroom teaching and learning” (Hruby, 2012, p. 1) is one of 
the drivers behind my decision to choose this area of research. Fischer et al. (2007) 
suggest that “there can be no direct transfer of insights from neuroscience … to 
classroom practice, but only transfer mediated through a joining of practices with 
research” (p. 1). This doctoral research is based on this line of reasoning and attempts 
to bridge this gap. Neuroscience research can provide an understanding about why 
specific practices, tools and understandings improve student learning outcomes. It 
provides information about how the brain learns and has the potential to inform 
teaching practice. It explains a great deal about the learning and behaviour of 
adolescents, which is the impetus for the development of the teacher learning 
workshop that is Workplace Project 1. This research aims to bring together what is 
known about how the brain learns with the essential understandings of adolescence, 
the pedagogical practices and learning tools, and to inform teacher practice and 
improve the outcomes for adolescents in mainstream classes. This is explored more 
fully in Chapter 2. 
 
Why Focus on the Brain? 
A search of the key adolescent pedagogy documents of the NSW DEC revealed that 
the brain and its impact on learning during adolescence was referred to rarely. The 
brain is not referred to at all in Our Middle Years Learners - Engaged, Resilient, 
Successful: An Education Strategy for Years 5-9 in NSW 2006-2009. In fact, the word 
‘brain’ is used only six times in the Quality Teaching suite of documents exclusively 
in the context of the word ‘brainstorming’ as a strategy for teaching or assessing. 
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In the Middle Years of Schooling: Discussion Paper the word ‘brain’ appears 17 times. 
This discussion paper identifies the most important issues and challenges for schools, 
teachers and school communities in providing the most effective schooling for 
students in the Middle Years (NSW Department of Education and Training, 2008). The 
brain is mentioned in general terms in the context of research suggesting that some 
of the significant developments during adolescence are related to brain development 
(NSW Department of Education and Training, 2008). The paper goes on to report that 
previous wisdom suggested that brain development had plateau periods and that the 
period of adolescence was a ‘brain dead’ period (NSW Department of Education and 
Training, 2008). It then states that recent research demonstrates the inaccuracy of 
this belief, proving that the “period of 10-14 years of age is one of the most 
prodigious periods of brain development” (NSW Department of Education and 
Training, 2008, p. 7). In this section of the paper, the most specific and explicit link to 
brain research is made as follows: 
Adolescence is a particularly malleable period for establishing patterns of 
behaviour (DET, Victoria, 2006). It is the period in which the large number 
of dendritic connections between neurons in the brain developed during 
0-4 years is gradually reduced as they cease to be necessary to the 
activities of adolescence. Thus, adolescence is a period in which the brain 
is gradually refined and becomes more specialised in its dendritic 
connections. More important, the dendrites that are reduced are those 
associated with activities in which the individual is no longer engaged. 
Some of this loss is to be expected in the natural transition from the early 
years to adolescence and the specialisations that begin to occur during 
this process. Other connections are lost, however, because the 
adolescent is not engaged in activities that require them. It is a case of 
‘use them or lose them’ (Pendergast & Bahr, 2005, in New South Wales 
Department of Education and Training, 2008, p. 7). 
 
Any remaining uses of the word ‘brain’ are in the general context of brain 
development.  
 
It is important to acknowledge that although this doctoral research commences with 
a literature review of brain research and argues how important it is for teachers to 
extend their knowledge and understanding of the brain, the information processing 
model and the essential understandings of adolescence, it does not involve brain 
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research per se. This research is about identifying those aspects of brain research 
most useful to teachers. It is equally about how teachers can be more than just 
passive participants in professional learning; they can be teacher-researchers. This 
research evaluates how an action research methodology can be used to facilitate 
effective and resilient teacher learning. The content of the teacher learning at PHS is 
brain research because teachers need to know and understand more about how the 
brain works and about the information processing model specifically, so that they 
can better apply this knowledge to their understandings of and practices for 
adolescents. 
 
How do we Know about the Brain? 
Since Franz Joseph Gall founded the science of phrenology in the 1800s scientists 
have been searching to understand the structure and function of the human brain. 
Prior to advances in imaging technology, the only way the brain could be studied was 
through animal studies or by autopsy. In developing our understanding of the 
adolescent brain specifically, such research was difficult since there are relatively few 
adolescent deaths and therefore a limited number of adolescent brains available for 
this type of study. Additionally, as Wolfe (2001) suggested, surveying dead brains fails 
to provide a full picture of how the brain works in a living organism, recognising that 
“while studying the brain after death provided an enormous amount of information 
… it did little to increase our understanding of how information is processed and 
stored” (Wolfe, 2001, p. 3). Real time limitations were partially overcome by 
exploring split brain research as a way of adding to the understanding of divisions of 
cognitive function. Localisation of brain function and the mapping of brain areas are 
two additional areas of knowledge that have developed from this research. The study 
between 1957 and 2008 of Henry Gustav Molaison, a memory disorder patient 
known as H.M., who had two thirds of his hippocampus surgically removed to cure 
his epilepsy, has provided a key piece of brain research. His case was significant to 
the development of theories that explain the link between brain function and 
memory. 
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In the 21st Century, neuroscientists have had access to sophisticated medical 
instruments and technologies that allow observations of the working brain, 
exploration of brain structures and insights about how the brain functions under 
specific conditions. Neuroimaging is the use of various techniques that allow 
scientists to see the living brain at work, either directly or indirectly creating different 
images of the structure, function, and pharmacology of the brain (Jensen, 2012). 
Imaging techniques can be divided into two types: functional brain imaging and 
structural brain imaging. Functional imaging techniques provide pictures of the 
brain’s activity at a given time and are used to identify which areas of the brain are 
more active in given contexts. PET and fMRI are the two commonly used functional 
imaging techniques. Structural imaging techniques provide pictures of the brain 
anatomy by showing the distribution of cell bodies (grey matter) and axons (white 
matter). Magnetic Resonance Imaging (MRI) is the most commonly used structural 
scanning technique (OECD, 2007). Each neuroimaging technique has its own 
limitations. Neuroscience researchers use imaging technologies to find out about the 
structure of the human brain, how the brain works and how the brain learns. The first 
imaging technologies were the X-ray and the electroencephalogram (EEG). Today’s 
neuroimaging techniques include: magnetic resonance imaging (MRI), positron 
emission tomography (PET) scans, functional magnetic resonance imaging (fMRI), 
magnetoencephalography (MEG), electroencephalogram (EEG), computed axial 
tomography (CAT), optical topography, near-infrared-spectroscopy (NIRS) and single 
positron emission computer tomography (SPECT). 
 
Why Focus on Adolescence? 
The World Health Organisation ("Recognising Adolescence," 2014) the Canadian 
Paediatric Society (2003) and the United Nations International Children's Emergency 
Fund (UNICEF) (UNICEF, 2011) define adolescence as the age between 10 and 19. 
Adolescence has also been defined as the time between ages 10 and 24 (Hagell A, 
Coleman, & Brooks, 2015; Patton et al., 2016). This definition takes into account the 
understanding that the rational part of a human brain is not fully developed until age 
25 ("Understanding the Teen Brain," 2017) and uses this to define the end of 
OVERARCHING STATEMENT 
24 
adolescence and the beginning of adulthood. Adolescence is often inaccurately 
defined as the ‘teenage years’.  
 
The literature selected to underpin this research is concerned with how adolescent 
brain research applies to mainstream educational contexts. The definition used to 
identify research about adolescence is defined as between the approximate 
chronological age of 10, which corresponds with the NSW school year of Year 5, and 
age 24. Students in NSW spend more of their time at school during the 
developmental stage of adolescence, making it important for educators to 
understand how adolescent brain research applies to the mainstream adolescent 
educational context. Additionally, most of the high stakes assessments such as the 
National Assessment Program - Literacy and Numeracy (NAPLAN)25 and the HSC, 
coincide with this developmental stage of adolescence. Finally, I am a high school 
teacher and therefore these are the students I teach and work with each day. I am 
committed to improving learning outcomes for adolescents. 
 
Organisations outside of education are already using brain research to inform 
practice and policy. Brain research is being used extensively to inform marketing 
campaigns and advertising (neuromarketing), politics (neuropolitics), entertainment 
(neurocinematics), welfare and health programs, the legal system (neurocriminology 
and neurolaw) and public policy (Fisher, Chin, & Klitzman, 2010; Glenn & Raine, 2014; 
Hasson et al., 2008; Petoft, 2015; Rose & Abi-Rached, 2014; Seymour & Vlaev, 2012).  
 
Steinberg (2009) argues that “we know a good deal about brain development during 
adolescence that usefully informs policy discussions” (p. 740). One of the public 
policies used as an example to support this argument is the 2005 Supreme Court 
decision to abolish the juvenile death penalty. This decision was based on the 
argument that juvenile offenders, because of their developmental immaturity, are 
considered to be impulsive, short-sighted and easily manipulated by others and 
should therefore be punished less severely than someone better able to control 
themselves, anticipate the consequences of their behaviour, and resist the antisocial 
influence of those around them (Steinberg, 2009). The body of evidence submitted 
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in briefs to support the 2005 arguments in Roper v Simmon (United States Supreme 
Court, 2005) drew attention to the research that suggests a biological dimension to 
adolescent behavioural immaturity noting that adolescents demonstrate a 
“vulnerability and comparative lack of control over their immediate surroundings” 
(United States Supreme Court, 2005, p. np). Of interest regarding decision-making 
and criminal culpability is the development of the frontal lobes of the brain. The 
frontal lobes, especially the prefrontal cortex, play a critical role in the executive or 
Chief Executive Officer (CEO) functions of the brain which are considered the higher 
functions of the brain (Steinberg, 2009). 
After many years of complacency about the astonishingly high … rate of 
automobile fatalities among teen drivers, articles in the popular press 
about the adolescent brain maturation have helped stimulate the 
development of a large-scale public health campaign to draw attention 
to the issue (Steinberg, 2009, p. 748). 
 
Brain research also informed and underpinned the decision in NSW to move towards 
graduated licensing. The US National Highway Transportation Safety Agency used 
brain research to underpin a three-pronged initiative to raise awareness about the 
issues that cause the most problems for teen drivers (McBride, n.d.). The National 
Safety Council (2010) released a White paper entitled ‘Understanding the distracted 
brain: Why driving while using hands-free cell phones is risky behaviour’. This paper 
reported several aspects of brain research as it applies to driving, with the intention 
that “this information will provide background and context for lawmakers and 
employers considering legislation and policies” (National Safety Council, 2010, p. 2). 
The Houston Chronicle (2012) reported that “branches of the military have 
experimented with adjusting schedules to ensure that young recruits can sleep later” 
after examining the adolescent brain research related to sleep and performance. 
These examples recognised not only the importance of, but appropriate place for, 
using brain research to inform practice and policy. 
 
Existing Classroom-Based Studies 
A keyword search of classroom-based studies failed to identify published peer 
reviewed studies that apply neuroscience to teaching and learning, which is one of 
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the key reasons underpinning the decision to make Workplace Project 2 an action 
research activity, and Workplace Project 3 a teacher learning package that shares this 
learning with other teachers. In an attempt to address this gap, the US Educational 
Neuropsychology Laboratory and the Australian Research Council Science of Learning 
Research Centre have established research classrooms at Washington University 
(Sparks, 2016) and the University of Melbourne respectively (Dale, 2015; May, 2015). 
Both institutions report being focused on practical problems in schools (Sparks, 2016) 
and aim to bridge the gap between neuroscience and education (Dale, 2015; Sparks, 
2016) by “helping researchers to better understand how learning takes place in the 
brain and to improve teaching” (Dale, 2015; Sparks, 2016) and by “providing an 
essential link between authentic school classrooms and the clinical laboratories of 
the educational neuroscientist” (Dale, 2015, para. 1).  
 
Structure of the Portfolio 
My research portfolio is structured as 8 chapters. 
 
Chapter 1 is the first section of the Overarching Statement that introduces and 
contextualises this research. It describes the evolution of the research topic, the 
aims, purpose and benefits of the research. The Overarching Statement describes the 
context of the research and outlines the structure of the portfolio. It describes why 
adolescent brain research has been targeted and introduces some of the key 
underpinnings to this research. The Overarching Statement concludes in Chapter 8. 
 
Chapter 2 is Scholarly Paper 1. It is a literature review of brain research. It identifies 
key aspects of adolescent brain research and its application to mainstream 
adolescent classrooms. This scholarly paper identifies neuroscience findings that can 
be translated to mainstream adolescent educational contexts and identifies learning 
tools and pedagogical practices that are suggested by the research. It describes what 
I have termed the ‘essential understandings’ which I have synthesised from the 
research. 
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Chapter 3 is Workplace Project 1. It takes the form of a teacher learning workshop 
package which fills the gap in teacher knowledge about brain research and its 
application to adolescent classrooms. This workshop package comprises the 
PowerPoint slides and presenter notes for the accredited Crazy by Design teacher 
learning workshop. It includes the Pedagogical Practices and Learning Tools 
Participants’ Handbook developed to support the teacher learning workshop and 
collates participant evaluations.  
 
Chapter 4 is Scholarly Paper 2. It is a literature review of teacher learning. This 
chapter defines teacher learning and examines the ‘professional development’ 
versus ‘professional learning’ debate. It identifies and summarises the criteria for 
high quality and effective teacher learning and identifies the roles leaders play in 
implementing effective teacher learning. The connection between action research as 
a form of both knowledge generation and teacher learning is reinforced. This chapter 
argues the significance of context in ensuring teacher learning is successful. 
 
Chapter 5 is Workplace Project 2. It is the PHS action research report(s). It begins by 
describing the participants, methods and procedures used in this research study. 
Data collection and analysis are then discussed. Findings from both the teacher 
action research and my research are presented. The research questions chosen by 
the teacher participants are identified and the findings from one teacher case study 
are discussed in detail. The findings from my research are organised into three 
stories: the story of researchers, the story of teachers and the story of the students. 
This chapter explores some of the issues, challenges and implications of this research. 
 
Chapter 6 is Scholarly Paper 3. It presents the literature about teachers-as-
researchers. It explores four teacher research issues including: 
• what counts as research,  
• the status and value of action research,  
• the role of teachers-as-researchers in contributing to research on teaching, and  
• teaching as intellectual work.  
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The connection between action research as a form of both knowledge generation 
and teacher learning is reinforced by arguments that it is important for teachers to 
be researchers. 
 
Chapter 7 is Workplace Project 3. The key difference between Workplace Project 1, 
which fills the gap in teacher knowledge about the brain and its implications for 
education, and Workplace Project 3, which is a resource for teachers about how to 
conduct action research in their own schools, is the emphasis on the process of 
conducting action research. It advises how to conduct action research. It includes an 
Action Research Handbook for Teachers that explores the origins and definition of 
action research and includes a discussion of the key characteristics of the four stages 
of action research. The benefits and concerns about action research are considered 
and the use of action research as a tool for teacher learning is reinforced. It makes 
recommendations for teachers outside PHS who may want to engage in action 
research in their own schools.  
 
Chapter 8 is the conclusion of the Overarching Statement. It applies the criteria of 
effective teacher learning to evaluate the effectiveness of the action research 
conducted at PHS and whether action research is a valid form of teacher learning. It 
summarises what was learned about leading action-research-based teacher learning. 
This chapter answers the research questions and summarises the correlations 
between what brain research suggests may be true about the brain and how it learns, 
and what probably makes sense for teaching, learning and teacher praxis. It makes 
links to the pedagogical practices and learning tools that may support learning for 
mainstream adolescent students. This chapter concludes the research portfolio by 
exploring how the brain can be used as a metaphor for my research. 
 
Conclusion 
This research aims to examine brain research to identify aspects that have 
applicability for teachers in mainstream adolescent classrooms. Pedagogical 
practices and learning tools have been drawn from the research and collated into a 
handbook for use by teachers. Essential understandings have been synthesised from 
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the research with the intent of providing a deeper understanding of how adolescence 
can impact on learning. The research informed teacher learning that comes from 
engaging in this research was designed to improve the educational experience of 
adolescents in mainstream classrooms. 
 
Chapter 1 has described the genesis, context and scope of this research. It has 
outlined the aim, purpose and benefits of this research and provided an outline of 
the structure of this research portfolio. 
 
Chapter 2 is Scholarly Paper 1. It is a literature review of brain science. It collates and 
organises information teachers will find most useful by defining neuroscience and 
the terms used within this knowledge base. Next, the arguments that surround the 
useful application of brain science to education are explored. The evolution and 
resilience of neuromyths are then investigated, with reference to learning styles, 
hemispheric laterality and Multiple Intelligence Theory. Finally, some of the gaps in 
the research are listed and the possibilities for future research are outlined.  
 
Ethics Approval 
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1 The NSW public school system has undergone a few name changes throughout this research. When 
the research commenced in 2010, it was named the Department of Education and Training (DET). In 
2014, it was renamed the Department of Education and Communities (DEC). In 2015, near the end of 
this research, it was renamed the Department of Education (DoE). Throughout this research, when 
referencing the NSW public school system, I have used the organisational name of the time. 
References will be used consistent with this, being cited using the name of the organisation 
consistent with the time of publication. Hence, references from the Department of Education will 
appear with different names i.e. DET, DEC and DoE. 
2 The Quality Teaching in NSW Public Schools framework recognises pedagogy as the core business 
of teachers. The research that underpinned the development of this framework built from the 
Authentic Pedagogy (Newmann, 1996) and Productive Pedagogies (Lingard et al., 2001) researched 
and identified three dimensions and 18 elements (see below) of pedagogy most likely to improve 
student learning outcomes. The Quality Teaching in NSW Public Schools framework is a model of 
pedagogy and was used as a long-term strategic priority in NSW schools to focus the work of 
schools, school leaders and teachers to improve pedagogy and student learning outcomes. School 
leaders and teachers used this model of pedagogy to plan and design and redesign lessons and units 
of work, to analyse current teaching practice and for self-reflection. The Quality Teaching in NSW 
Public Schools framework was used to inform programming, assessment, feedback, teacher learning 
and classroom pedagogy. The Quality Teaching in NSW Public Schools framework explicitly defined 
the elements and dimensions to build a consistent understanding of what constitutes high quality 
teaching. The Quality Teaching Model is based on three dimensions of pedagogy: pedagogy focusing 
on high levels of intellectual quality, the quality of the learning environment and learning seen by 
students as having significance (New South Wales Department of Education and Training, 2003). 
Each dimension includes several elements (Table 1.1). 
 
Table 1.1 
 
Dimensions and Elements of the Quality Teaching Model 
Intellectual Quality Quality Learning Environment Significance 
Deep Knowledge 
Deep Understanding 
Problematic Knowledge 
Higher-Order Thinking 
Metalanguage 
Substantive Communication 
Explicit Quality Criteria 
Engagement 
High Expectations 
Social Support 
Students’ Self-Regulation 
Student Direction 
Background Knowledge 
Cultural Knowledge 
Knowledge Integration 
Inclusivity 
Connectedness 
Narrative 
(New South Wales Department of Education and Training, 2003) 
 
The specific descriptions of the dimensions and elements were supported with a coding scale, notes, 
suggestions, and practical examples of classroom implementation. This resulted in a pedagogical 
language consistent across all schools in NSW. 
3 Action research is “a disciplined process of inquiry conducted by and for those taking the action” 
(Sagor, 2000, p. 3). The primary reason for teachers to engage in action research is to assist them in 
improving and/or refining their teaching. 
4 A Head Teacher is an executive leadership position in a high school. Head Teacher positions can be 
classified as either Curriculum Head Teacher positions or Educational Support Head Teacher 
positions. Curriculum Head Teacher positions have direct responsibilities for supervising particular 
subject/teaching areas and/or related functions i.e.: Head Teacher Science. Educational Support 
Head Teacher positions have broad executive responsibilities that support specific programs and the 
effective operation of the school i.e.: Head Teacher Administration, Head Teacher Wellbeing or Head 
Teacher Teaching and Learning. Head Teachers share special responsibilities and duties as 
determined by the principal for the development, implementation and evaluation of school policies 
and programs. I was both a Curriculum Head Teacher and a Head Teacher Administration. 
5 In 1992, the NSW Department of School Education initiated the classification of the Advanced Skills 
Teacher to encourage the retention of highly skilled teachers. This new position recognised and 
rewarded experienced teachers who had a commitment to classroom teaching and who 
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demonstrated the capacity to provide educational leadership, professional support and guidance to 
other classroom teachers. It is not a position that exists in the current organisational structure of the 
NSW DoE.  
6 The Middle Schools Project Officer was a school-funded position funded from equity funding for 
schools with students from low socio-economic backgrounds. The position was a classroom teacher 
position and involved leadership of the school’s 25 Middle Year’s programs. 
7 The Resource Allocation Model (RAM) was developed to ensure the fair, efficient and transparent 
allocation of the education budget for every school. The model recognises that students and school 
communities have different needs and therefore require different levels of support. 
8 The Low SES Schools National Partnership provided extra resources and access to initiatives 
designed to build capacity and improve student learning outcomes in schools serving disadvantaged 
communities. 
9 The NSW Education Standards Authority (NESA) is responsible for developing syllabuses to be 
taught in New South Wales schools, from Kindergarten through to Year 12. Schools in NSW 
implement the Australian Curriculum through these syllabuses. The Australian Curriculum is 
organised according to eight learning areas: English, Mathematics, Science, Health and Physical 
Education, Humanities and Social Sciences, The Arts, Technologies and Languages. The NSW 
curriculum is organised around the Key Learning Areas (KLAs) of English, Mathematics, Science, 
Human Society and its Environment (HSIE), Languages, Technologies, Creative Arts and Personal 
Development, Health and Physical Education (PDHPE).  
10 The Higher School Certificate (HSC) is the highest credential in secondary education in NSW. To be 
eligible for the credential, students must complete Years 11 and 12, satisfy HSC course requirements 
and sit for the state-wide HSC examinations. The HSC is currently developed and managed by NESA. 
11 Units are used to describe the approximate amount of time required to successfully engage in 
learning in Stage 6 courses. A 1-unit course involves class time equivalent to three 40-minute 
periods a week, so a 2-unit course involves six 40-minute periods per week. In the HSC examination, 
each unit has a value of 50 marks, so a 1-unit course has a value of 50 marks and a 2-unit course has 
a value of 100 marks. 
12 Middle Years students are enrolled in Years 5-9. Students in these year groups are generally aged 
between 9 and 14 years. 
13 Schooling in NSW is organised into six Stages of Learning: Stage 1 = Kindergarten to Year 2 
(Kindergarten is referred to as Early Stage 1), Stage 2 = Years 3 and 4, Stage 3 = Years 5 and 6, Stage 
4 = Years 7 and 8, Stage 5 = Years 9 and 10, Stage 6 = Years 11 and 12. 
14 The Linkages Project provided 25 consultants and additional funding to each school district to 
support local programs designed to strengthen the academic and social development of students 
across Years 5-8. 
15 Local Schools, Local Decisions (LSLD) is a reform designed to give local decision-making authority 
about how to meet the needs of students to NSW public schools, principals and teachers. It included 
the introduction of the RAM and the Empowering Local Schools National Partnership. The RAM 
considers the complexity of student circumstance rather than basing school finding on student 
enrolment. The Empowering Local Schools National Partnership was implemented to encourage 
schools to work together and combine resources. It prioritised teaching and learning by deleting and 
merging policies and related documents and realigned State Office functions under a new model of 
support. 
16 The Quality Teaching, Successful Students (QTSS) initiative provides additional staffing to primary 
schools to ensure high quality teaching and learning practices that better meet the full range of 
student needs. 
17 Every Student, Every School (ESES) is a learning and support framework for students with 
additional needs structured around a learning and support framework for students with disability, 
learning difficulties or behaviour support needs. Resources are allocated directly to schools through 
equity loading for disability in school RAM allocations.  
18 Early Action for Success is the NSW DoE’s strategy for implementing the NSW government's State 
Literacy and Numeracy Plan - a plan designed to ‘turn around’ the performance of the lowest 
achieving schools by focusing on quality instructional leadership, combined with an emphasis on the 
needs of individual students and targeted intervention in the early years of schooling. 
19 Great Teaching, Inspired Learning (GTIL) was introduced within four career stages across 16 broad 
reforms to improve the quality of teaching and learning in NSW state schools. 
OVERARCHING STATEMENT 
35 
                                                                                                                                                                    
20 The Connected Communities strategy was a whole of government reform aimed at creating 
generational change to achieve better outcomes for ASTI children and young people.  
21 The Rural and Remote Education blueprint outlined 36 evidence-based actions to redress the gap 
in educational achievement between rural and metropolitan students (New South Wales 
Department of Education and Communities, 2013). 
22 Supported Students, Successful Students increased school counselling and wellbeing services. A 
new Wellbeing Framework and Behaviour Code was introduced to address disruptive behaviours in 
the classroom and helped all students to participate more effectively in learning activities (New 
South Wales Department of Education and Communities, 2015). 
23 Primary schools educate children from Kindergarten to Year 6. In NSW, children can start 
Kindergarten at the beginning of the school year if they turn 5 on or before 31 July that year. By law, 
all Australian children must be in compulsory schooling by their sixth birthday. 
24 The School Excellence Framework articulates key elements of high quality practice across the three 
domains of learning, teaching and leading. The aim of this framework is to maximise learning. 
25 NAPLAN is a National Assessment Program that tests literacy and numeracy skills in Years 3, 5, 7 
and 9. NAPLAN is administered by The Australian Curriculum, Assessment and Reporting Authority 
(ACARA). 
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CHAPTER 2 – SCHOLARLY PAPER 1 - LITERATURE REVIEW OF BRAIN 
RESEARCH 
 
“Educators are not neuroscientists, but they are members of the only profession 
whose job it is to change the human brain every day. Therefore, the more they know 
about how it works, the more likely they are to be successful at changing it” (Sousa, 
2006, p. 10). 
 
This literature review is conducted through a specific filter defined by purpose and 
by experience.  
 
In selecting the literature to be reviewed, a ‘neuroscience + education’ search was 
conducted. The identified literature was then supplemented by seeking out similar 
papers, accessing recommendations and by sourcing frequently referenced papers. 
The literature from this collection was limited to that which had applicability to the 
mainstream educational context. To be appropriate for inclusion in this literature 
review, research had to make sense to, and have meaning for, teachers of typically 
developing adolescents. In addition, it needed to demonstrate the potential to be 
synthesised into teacher learning activities to inform pedagogical practices, learning 
tools and essential understandings that, when applied by teachers, had the capacity 
to impact positively on the learning experience and success of students. It is valid to 
limit the literature review to identifying what was already known about the 
application of brain science research to the mainstream adolescent educational 
context. The collected literature was significantly journal based. Some books were 
incorporated, including books written for a target audience of teachers. The authors 
of the literature included researchers and practitioners, scientists and teachers. As at 
this date, Dr David Sousa has done most of the translation of brain science to 
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classrooms and as such, he is referenced often. It is also why he was interviewed to 
support this research. 
 
Four themes were identified by the literature review. Each will be addressed in turn. 
The first theme defines neuroscience and the terms used to identify the different 
areas of neuroscience discussed within the literature reviewed. It includes the 
principles, concepts, instructional guidelines and practices of ‘brain-based’, ‘mind 
brain education’ and ‘cognitive neuroscience programs’. Secondly, the review 
presents the arguments that surround the useful (actual and potential) application 
of brain science to education and the theory-practice divide. Next, the 
neuromythology theme is explored. Neuromyths are defined, and their evolution and 
resilience to debunking are discussed. Finally, gaps in the research are listed and the 
possibilities for future research are outlined. 
 
Defining Terms and Practices 
One of the more challenging aspects of this literature review is understanding the 
key terms. It is important to define ‘neuroscience’, ‘cognitive neuroscience’, 
‘neuroeducation’, ‘mind brain education’ and ‘brain-based’ research to understand 
the literature. A problem, however, is that at times these terms are used 
interchangeably and inconsistently across the literature, which is explored below. 
Principles, concepts, instructional guidelines and practices that help define the scope 
of some of the areas of neuroscience are included by way of clarification. 
 
Neuroscience 
The term ‘neuroscience’ is an example of a term that is not consistently defined – it 
is frequently used as an umbrella or “collective term for the range of disciplines that 
centre on brain research” (Clement & Lovat, 2012, p. 535). Some researchers 
describe neuroscience as strictly biological, while others define it as a diverse and 
interdisciplinary science that collaborates with other fields including “mathematics, 
linguistics, engineering, computer science, chemistry, philosophy, psychology, and 
medicine” (Nordqvist, 2014, para.3). Neuroscience research provides a deeper 
knowledge of “how learning occurs, factors that influence learning, an anatomical 
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understanding of how different parts of the brain operate, and a cellular 
understanding to consider when teaching” (p. 97). If we accept a strictly biological 
definition, then the translation of neuroscience research to classrooms can only take 
place through an intermediary. If we apply a broader definition, then the branch of 
cognitive neuroscience becomes the bridge between neuroscience and the 
classroom. If we apply a too broad definition, much of the knowledge produced 
through neuroscience will have application to many fields beyond education. 
Neuroscientists, as defined in this literature review “focus on the brain and its impact 
on behaviour and cognitive functions” (Nordqvist, 2014, para. 1) going beyond the 
purely biological focus to include an understanding of learning. Neuroscientists have 
provided research that has: 
• improved understanding of early brain development (Lenroot & Giedd, 2006; 
Moore, 2006; OECD, 2007; Thompson & Nelson, 2001), 
• explained the processes and impact of memory (de Jong et al., 2009; Geake, 
2009; Hardiman, 2003; McDermott & Roediger III, 2016; Royal Society, 2011; 
Sousa, 2006, 2012; Strauch, 2003; Willis, 2007a; Wolfe, 2001), 
• attention (Byrnes & Fox, 1998; F. Jensen & Nutt, 2015; Medina, 2009; National 
Safety Council, 2010; Sprenger, 2009; Tileston, 2004; Wolfe, 2001)1,  
• information processing (Sousa, 2006; Tileston, 2004),  
• emotion (Tileston, 2004), and  
• sleep (Blakemore & Frith, 2005; Carskadon, 2010; F. Jensen & Nutt, 2015; Loessl 
et al., 2008; O'Brien & Mindell, 2005; O'Malley & O'Malley, 2008; Wolfe, 2005; 
Wolfson & Carskadon, 2005) on learning.  
 
Neuroscience has helped teachers better understand atypical2 brains and the 
educational needs of students with learning challenges such as attention deficit 
hyperactivity disorder (ADHD), dyslexia, autism and dyscalculia (Howard-Jones, 2007; 
Sousa, 2010). However, there is only a small body of literature that deals specifically 
with typical brain development, and an even smaller body of literature that makes 
links between adolescent brain research and the mainstream educational context. It 
is this intersection that this literature review seeks to explore. 
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Learning 
In seeking to define learning, one of the barriers to successful translation of 
neuroscience research to educational practice is highlighted. Neuroscientists and 
teachers use the term ‘learning’ to describe two very different processes. From a 
neuroscientific perspective, learning is a biological connection between neurons and 
is often used interchangeably with the term ‘memory’ (Howard-Jones, 2008a).  
Learning occurs when connections form between neurons (Prime Minister’s Science 
Engineering and Innovation Council (PMSEIC), 2009; Vorhauser-Smith, 2011). The 
brain builds networks of connected neurons to store learning. Neuroscience suggests 
that learning requires that the existing network of connections are physiologically 
changed which occurs because of the brains neuroplasticity (Vorhauser-Smith, 2011). 
Learning is strengthened by the stimulation of existing neural pathways. Hebb (1949) 
first described this process in the following way.  
Persistence or repetition … tends to induce lasting cellular changes that 
add to its stability … when an axon of cell A is near enough to excite a cell 
B and repeatedly or persistently takes part in firing it, some growth 
process or metabolic change takes place in one or both cells such that A’s 
efficiency, as one of the cells firing B, is increased (Hebb, 1949, p. 65). 
 
This explanation became known as the Hebbian learning rule or Hebb’s law, and 
provides the fundamental neuroscientific understanding about how the brain learns. 
Hebb’s law was later summarised by Löwel and Singer (1992) as "neurons wire 
together if they fire together" (p. 256) which evolved into the phrase “neurons that 
fire together, wire together” (E. Jensen, 2008a). Learning takes place when cells 
communicate with each other (Nagel, 2004) and cell communication is the essence 
of learning (Hardiman, 2003). Additionally, Hebb’s Law provides the theoretical 
understanding for the ‘use it or lose it’ principle which describes how the brain 
strengthens or prunes neurons based on activity (Feinstein, 2004; Payne, 2010; 
Strauch, 2003). It explains why the brain is highly dependent on experience (E. 
Jensen, 2006) and why it is important to build connections between new and existing 
learning. The purpose of learning, from a neuroscientific perspective, is to increase 
the survival of the organism. 
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From an educational perspective, learning is the acquisition of new knowledge or 
skills, which may or may not be the result of formal learning experiences and is a 
social event. Educational psychology defines learning as a “step-by-step process in 
which an individual experiences permanent, lasting changes in knowledge, 
behaviours, or ways of processing the world” (Goodfriend, 2016, para 3). Learning 
happens as the result of experience. The inclusion of the word ‘permanent’ in the 
previous definition conflicts with the neuroscientific understanding of the learning 
process. Neuroscientists believe that learning is impermanent and can be lost if not 
reinforced. This example of the same word being used to represent different 
meanings, or slippage of meaning (Clement & Lovat, 2012) and the attaching of new 
meaning to familiar words, demonstrates how the metalanguage of each discipline 
can interfere with and impede communication - an idea that is revisited in a following 
section of the portfolio. 
 
Educational Neuroscience and Neuroeducation  
The terms ‘educational neuroscience’ and ‘neuroeducation’ are used synonymously 
in the literature. However, they represent two different concepts. Educational 
neuroscience is a unique interdisciplinary discipline that brings together “cognitive 
brain scientists, learning scientists, medical and clinical practitioners” (Petitto & 
Dunbar, 2004, p. 1) and other related disciplines to explore the interactions between 
biological processes and education. The purpose of educational neuroscience is to 
understand human learning capabilities and encourage educational change through 
the application of brain research (Petitto & Dunbar, 2004). Similarly, neuroeducation 
is “an interdisciplinary field that combines neuroscience, psychology and education 
to create improved teaching methods and curricula” (Clark, 2015, p. 37). 
Neuroeducation therefore has a more practical or applied purpose. Both educational 
neuroscience and neuroeducation are viewed as instruments of a broader 
conversation (Ferrari, 2011) and both are considered to be a form of applied 
cognitive neuroscience (Campbell, 2011) “investigating educationally inspired 
research questions” (Geake, 2011, p. 43). Although neuroscientists do not work with 
the goal of providing classroom ready results (Geake, 2009; McAteer, 2010; Sousa, 
2006; Sylwester, 1995; Wolfe, 2001) neuroeducation research does aim to provide 
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information about how the brain learns and evidence that has the potential to inform 
teaching practice; it can and does provide an understanding about why specific 
practices, tools and strategies teachers use can improve learning opportunities and 
student outcomes.  
 
Cognitive Neuroscience 
Cognitive neuroscience “is concerned with mapping biological workings of the brain” 
(Cuthbert, 2015, p. 49) “to improve our understanding of aspects of human learning 
and performance by combining data acquired with the new brain imaging 
technologies with data acquired in cognitive psychology paradigms” (Goswami, 2008, 
p. 381). Cognitive neuroscientists are interested in finding answers to questions of 
brain structure and function relevant to education. Specifically, they are interested 
in identifying which neural structures and which interconnections are influential in 
learning, the sequence of engagement of structures when learning, the impact of 
sequencing malfunctions on learning, and whether cause and effect can be identified 
and differentiated. Cognitive neuroscientists understand that both biology and 
environment have an impact on specialisation of neural structures and that there is 
a developmental track that typical brains follow. They believe biomarkers or neural 
markers can be identified for learning and can be used to identify students who might 
be at educational risk. 
 
In order to achieve the goal of improved learning and performance, Goswami (2008) 
suggests the following six principles of learning should be applied to educational 
contexts:  
• Principle One: Learning is incremental and experience based. 
• Principle Two: Learning is multi-sensory. 
• Principle Three: Brain mechanisms of learning extract structure from input (over 
a range of experiences or learning episodes, what is common will be encoded 
more strongly than what is different). 
• Principle Four: Learning is social. 
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• Principle Five: Cortical learning can be modulated by phylogenetically older 
systems (cognitive and emotional processes are integrated at multiple levels). 
• Principle Six: Learning shows life-long plasticity and compensation (it is never too 
late to learn).  
 
Goswami (2008) suggests that each of these principles can be integrated into learning 
and teaching and are evidence-based. She suggests that the evidence comes from 
empirical studies in the areas of identifying neural structure for learning, neural 
connectivity studies, time course studies3 of neural activation in children at risk as 
compared to typically developing children, and neuronal correlation versus causation 
brain imaging studies.  
 
Mind Brain Education (MBE) 
According to a number of commentators, MBE science was identified as a new and 
separate field of neuroscience in 2005 (Helm, 2015; Ruiter, van Kesteren, & 
Fernandez, 2012; Samuels, 2009). The term MBE is used by some authors 
synonymously with both neuroeducation and educational neuroscience (Knox, 
2016). MBE science is described as “a cross-disciplinary venture between cognitive 
neuroscience and developmental psychology [which] … integrate[s] education via 
educational psychology and educational neuroscience” (Tokuhama-Espinsoa, 2011, 
p. 4). It has been described as multidisciplinary (Tokuhama-Espinsoa, 2011), 
transdisciplinary (Knox, 2016) or interdisciplinary (Howard-Jones, 2012) by different 
authors.  
 
The primary goal of MBE is to “join biology, cognitive science, development, and 
education in order to create a sound grounding of education in research” (Fischer, 
2009, p. 3). Understanding the biological foundation of abilities and disabilities helps 
teachers to cater to learning and developmental needs. Understanding the cognitive 
sciences allows teachers to identify and effectively apply effective educational tools. 
Developmental and learning sciences provide the tools and understanding to analyse 
learning pathways. MBE claims to bring educational pedagogical practices, 
neuroscientific understandings and psychology together. 
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MBE science works from five concepts which Tokuhama-Espinosa (2011) argues  
… are not new ideas. All five have been around for decades, if not 
centuries. What is new is that all five concepts have been proven without 
a doubt in neuroscience, psychology and educational settings, adding to 
their credibility for use in planning, curriculum design, classroom 
methodology design, and basic pedagogy. These five ‘truths’ should guide 
all teaching practices as well as future research on better teaching tools 
(p. 35). 
 
The five concepts include: 
• Human brains are as unique as faces. 
• All brains are not equal because context and ability influence learning. 
• The brain is changed by experience.  
• The brain is highly plastic. 
• The brain connects new information to old (Tokuhama-Espinsoa, 2011). 
  
MBE suggests there are 21 principles that ‘great’ teachers know and describe these 
principles as being immediately useable knowledge for classrooms (Tokuhama-
Espinsoa, 2011). It is suggested that these principles, and the associated instructional 
guidelines that follow, can be used to teach better. MBE claims that the principles 
are based on universals of learning and the brain. Although MBE does not identify 
which principles are based on universals of learning and which are based on 
universals of the brain, I have used these criteria to sort them and listed them in Table 
2.1. Principle 7 states that MBE science principles apply to all ages. This principle is 
rephrased as ‘learning is a lifelong process’ and is included as a universal of learning.   
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Table 2.1 
MBE Principles Grouped as Universals of Learning or Universals of the Brain 
Universals of Learning Universals of the Brain 
• Learning is a constructivist process, 
and the ability to learn continues 
throughout the different 
developmental stages  
• The search for meaning is innate in 
human nature 
• Learning is a lifelong process 
• Learning is based in part on the brain’s 
ability to self-correct. 
• The search for meaning occurs though 
pattern recognition. 
• Emotions are critical to detecting 
patterns, to decision-making, and to 
learning. 
• Learning is enhanced by challenge and 
inhibited by threat. 
• Human learning involves both focused 
attention and peripheral perception 
• Feedback is important to learning 
• Learning relies on memory and 
attention 
• Memory systems differ in input and 
recall 
• Learning involves conscious and 
unconscious processes 
• Learning engages the entire physiology 
• The brain is unique and uniquely 
organised 
• All brains are not equally good at 
everything 
• The brain is a complex, dynamic 
system and is changed daily by 
experiences 
• Brains have a high degree of plasticity 
and develop throughout the lifespan 
• The brain seeks novelty 
• The brain conceptually processes parts 
and wholes simultaneously 
• The brain depends on interactions with 
other people to make sense of social 
situations 
• The brain remembers best when facts 
and skills are embedded in natural 
contexts 
 
What is of interest is the language used to express these principles, specifically the 
use of the word ‘know’. There is a significant difference between simply knowing 
something and being able to understand, apply, analyse, evaluate or create 
something. Knowing suggests that the item can be recalled. Other synonyms include: 
‘define’, ‘repeat’, ‘label’, ‘list’, ‘name’ and ‘recognise’. The principles are also 
described as ‘useable knowledge’ which implies that a principle can be explained, 
selected as the most appropriate for use, and can be applied appropriately and 
successfully to a unique context or to solve a specific problem. There are 
circumstances when knowing something is suitable and correct. The point of 
education is to understand. Bloom’s original 1956 taxonomy labels ‘knowledge’ as 
the lowest order skill, and in the revised 2001 taxonomy ‘remembering’ is the lowest. 
The next level up in the revised taxonomy is labelled as ‘understanding’, which 
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corresponds in the original taxonomy as ‘comprehension’ (Fareeza, 2013). The 
phrasing of these principles implies that teachers are unthinking transmitters of 
information, rather than intellectual professionals, an argument more fully explored 
in Chapter 6. 
 
There are conceptual similarities between the MBE principles, MBE concepts, and 
Goswami’s (2008) principles which are summarised in Table 2.2.  
 
Table 2.2 
Similarities Between MBE Principles, MBE Concepts and Goswami’s (2008) Principles  
MBE concepts Goswami’s principles MBE Principles 
• Human brains are as 
unique as faces 
 • The brain is unique and 
uniquely organised 
• All brains are not equal 
because context and 
ability influence 
learning 
• What is common will be 
encoded more strongly 
than what is different 
• All brains are not 
equally good at 
everything 
• The brain is changed by 
experience  
• Learning is incremental 
and experience based 
• The brain is a complex, 
dynamic system and is 
changed daily by 
experiences 
• The brain connects new 
to old information to 
build learning in 
incremental steps 
• Learning is incremental   
• The brain is highly 
plastic 
• Learning shows life-long 
plasticity and 
compensation 
• Brains have a high 
degree of plasticity and 
develop throughout the 
lifespan 
 
The following MBE instructional guidelines address aspects of learning and are used 
to structure practice. These include that: 
• Good learning environments are made, not found. 
• Good lessons consider both sense (logical order) and meaning (personal 
relevance). 
• Teaching to different memory systems enhances recall. 
• Well-managed classes take advantage of natural human attention spans. 
• Good classroom activities take advantage of the social nature of learning. 
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• Good teachers understand the mind-body connections (such as sleep, nutrition, 
exercise). 
• Good teachers understand how to manage different students (orchestrates 
immersion). 
• Skills are retained better when learned through active processes. 
• Explicit teaching of metacognitive skills aids higher-order thinking across 
subjects. 
• Learning can and does take place throughout the lifespan (Tokuhama-Espinosa, 
2014, p. 25).  
 
By presenting these principles and instructional guidelines, neuroscience could claim 
to be providing classroom ready practices. This judgement, however, is dependent 
on two assumptions being proven true. Firstly, that MBE is a valid form of 
neuroscience, and secondly that the previously listed principles and instruction 
guidelines are the result of neuroscience research. MBE claims to be the coming 
together of teachers, cognitive neuroscientists and psychologists in order to develop 
better teaching interventions (Tokuhama-Espinosa, 2014) and therefore could be 
considered a valid form of neuroscience. Tokuhama-Espinosa (2014) suggests that 
the principles, instructional guidelines and practices, which she labels ‘classroom 
best practices’ have a great deal of supporting evidence behind them. These are 
represented below as Table 2.3. 
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Table 2.3 
Tokuhama-Espinosa’s List of 50 Classroom Best Practices 
Filters: Electing the best planning, evaluation and activities 
Planning lessons 
1. Plan activities that grab attention 
2. Plan activities that stimulate memory 
3. Plan to use spaced versus massed learning moments 
4. Plan to incorporate repetition 
5. Take advantage of variation, the transdisciplinary, and creativity 
6. Plan authentic lessons 
Evaluation 
1. Implement formative evaluation 
2. Use product, process and progress evaluations 
3. Test to improve learning 
4. Develop shared, explicit learning objectives 
5. Strive for clarity and immediacy 
6. Provide feedback for mastery learning 
7. Nurture the teacher-student relationship 
8. Believe in your students and in your role as a teacher 
Instructional methods 
1. Practise and foster metacognition and mindfulness 
2. Employ Zemelman and colleagues’ “best practice filter” when selecting 
activities 
3. Develop students’ ability to identify similarities and differences 
4. Develop students’ summarising and note-taking ability 
5. Reinforce effort and provide recognition 
6. Provide purposeful homework and practice 
7. Prepare students to set personal objectives and give themselves feedback 
8. Teach students to generate and test hypotheses 
9. Use cues and triggers 
 
What has always worked and why: What traditionally happens in great 
classrooms 
Ancient methodologies in a modern world 
1. Use the Socratic method 
2. Cultivate the art of questioning 
Small-group learning 
1. Incorporate problem-based learning 
2. Incorporate cooperative learning 
3. Incorporate reciprocal teaching 
4. Incorporate case studies 
Methods for all subjects and all ages 
1. Harness the power of analogies 
2. Implement the 5Es: Engage, Explore, Explain, Elaborate, Evaluate 
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What could work in the classroom and why: getting teachers out of their comfort 
zones 
A teacher’s list of habits 
1. Improve self-efficacy 
2. Maintain high expectations 
3. See learning as fluid 
4. Appreciate the roles of affect in learning 
5. Take the lead in social cognition 
6. Award perseverance and celebrate error 
7. Motivate 
8. Never work harder than your students 
9. Be passionate! 
10. Design engaging classrooms 
11. Manage 
12. Use thinking routines 
13. Keep abreast of technology and flip the classroom 
School design choices that impact student learning 
1. Adjust for ages and stages 
2. Improve nutrition 
3. Get students out of rows 
4. Begin year-round schooling 
5. Change the school day 
6. Stop using tests as indicators of higher thinking 
(Adapted from Tokuhama-Espinosa, 2014, various pages) 
 
The weakness of MBE is that it is based on MBE criteria, which is not stated, rather 
than brain research or a pedagogical model such as ‘productive pedagogies’ (Gore, 
Griffiths, & Ladwig, 2001). This is briefly explored in Table 2.7 in Appendix A, which 
attempts to map the 50 classroom best practices against the dimensions of the 
productive pedagogies (Gore et al., 2001). A second weakness is the complexity of 
MBE as a tool to support teachers. It requires an understanding of 5 concepts, 21 
principles, 10 instructional guidelines and several classroom best practices.  
 
Brain-Based Learning  
Brain-based learning refers to teaching methods, lesson designs, and 
school programs that are based on the latest scientific research about 
how the brain learns, including such factors as cognitive development - 
how students learn differently as they age, grow, and mature socially, 
emotionally, and cognitively. 
 
Brain-based learning is motivated by the general belief that learning can 
be accelerated and improved if educators base how and what they teach 
SCHOLARLY PAPER 1 
50 
on the science of learning, rather than on past educational practices, 
established conventions, or assumptions about the learning process 
(Abbott, 2013, para 2 and 3). 
 
‘Brain-based education’, ‘brain-friendly education’, ‘brain-compatible education’ and 
‘brain-informed education’ are terms used interchangeably to describe approaches 
to education that are believed to be in accord with research on the brain and human 
learning. Brain-based principles synthesise research related to the brain and learning 
from many disciplines including “cognitive psychology, sociology, philosophy, 
education, technology, sports psychology, creativity research, and physics” 
(Chipongian, 2004, para 6) “and present it in a form that is useful to educators” 
(Chipongian, 2004, para 4). Jensen (2008b), a key scholar within the brain-based field, 
observes that “brain-based education is about the professionalism of knowing why 
one strategy is used over another” (p. 409). He comments on the proximity of brain-
based learning to neuroscience stating that “most neuroscientists don’t teach, and 
most teachers don’t do research. It’s unrealistic to expect neuroscientists to reveal 
which classroom strategies will work best” (E. Jensen, 2015, 'Understanding Brain-
Based Education in Action'). Jensen (2008a) had earlier introduced this argument: 
Brain-based education is best understood in three words: engagement, 
strategies and principles. Brain-based education is the engagement of 
strategies based on principles derived from an understanding of the 
brain. Notice I do not say that it is based on strategies given to us from 
neuroscientists. That’s not appropriate. Nor do I say that it is based on 
strategies exclusively from neuroscience and no other discipline… It 
crosses and draws from multiple disciplines (p. 4).  
 
One example of the confusion caused by the use of multiple and interchangeable 
terms is Erlauer’s (2003) seven brain-compatible fundamentals, presented as an 
example of brain-based learning, and as underpinning brain-compatible instructional 
strategies and brain-compatible ideas. The fundamentals include: 
• Emotional wellness and safe environment.  
• The body, movement and the brain. 
• Relevant content and student choices. 
• Time, time and more time. 
• Enrichment for the brain. 
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• Assessment and feedback. 
• Collaboration (pp. 4 - 5). 
 
There are two criticisms of this scaffold. Firstly, its connection to neuroscience is 
unclear. This may be an unfair criticism because even though they have been 
classified as advocates of brain-based learning, which implies a connection to 
neuroscience, both Jensen (2008a, 2015) and Abbott (2013) fail to identify such a 
connection in their definitions. In fact, Jensen is explicit in stating that brain-based 
learning is not based on strategies given to us from neuroscientists. The second 
criticism is the need for explanation before classroom application.  
 
A final example of the diversity within the brain-based learning area is the Caines’ 
Brain/Mind Principles of Natural Learning (Caine & Caine, 2014), first published by 
Caine and Caine in 1990, which were designed not to tell teachers precisely what to 
do, but instead developed to guide specific decisions about teaching by helping to 
identify appropriate methods and strategies. The brain-based principles are the most 
widely recognised examples of brain-based learning and include:  
• Principle 1: All learning is physiological. 
• Principle 2: The brain/mind is social.  
• Principle 3: The search for meaning is innate.  
• Principle 4: The search for meaning occurs through "patterning".  
• Principle 5: Emotions are critical to patterning.  
• Principle 6: The brain/mind processes parts and wholes simultaneously.  
• Principle 7: Learning involves both focused attention and peripheral perception.  
• Principle 8: Learning always involves conscious and unconscious processes.  
• Principle 9: We have at least two approaches to memory: archiving isolated facts 
and skills, or making sense of experience. 
• Principle 10: Learning is developmental.  
• Principle 11: Complex learning is enhanced by challenge and inhibited by threat 
associated with helplessness. 
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• Principle 12: Each brain is uniquely organised (Caine, Caine, McClintic, & Klimek, 
2009, p. 4). 
 
Surprisingly, all brain-based principles can be matched to MBE principles, as 
summarised in Table 2.4. The language and conceptual similarities between MBE and 
brain-based principles are worth noting, and serve to support the previous 
suggestion that brain-based learning is the result of the work of others and by 
implication, is not scientific. 
 
Table 2.4 
Similarities between Brain-Based Principles and MBE Principles 
Brain-based Principle MBE Principle 
Principle 1: All learning is physiological. MBE Principle 21: Great teachers know 
that learning engages the entire physiology 
(the body influences the brain, and the 
brain controls the body). 
Principle 2: The brain/mind is social.  MBE Principle 15: Great teachers know 
that the brain depends on interactions 
with other people to make sense of social 
situations. 
Principle 3: The search for meaning is 
innate.  
MBE Principle 5: Great teachers know that 
the search for meaning is innate in human 
nature. 
Principle 4: The search for meaning occurs 
through "patterning".  
MBE Principle 9: Great teachers know that 
the search for meaning occurs though 
pattern recognition. 
Principle 5: Emotions are critical to 
patterning.  
MBE Principle 11: Great teachers know 
that emotions are critical to detecting 
patterns, to decision-making, and to 
learning. 
Principle 6: The brain/mind processes parts 
and wholes simultaneously.  
MBE Principle 14: Great teachers know 
that the brain conceptually processes parts 
and wholes simultaneously. 
Principle 7: Learning involves both focused 
attention and peripheral perception.  
MBE Principle 13: Great teachers know 
that human learning involves both focused 
attention and peripheral perception. 
Principle 8: Learning always involves 
conscious and unconscious processes.  
MBE Principle 20: Great teachers know 
that learning involves conscious and 
unconscious processes. 
Principle 9: We have at least two 
approaches to memory: archiving isolated 
facts and skills, or making sense of 
experience. 
MBE Principle 18: Great teachers know 
that memory systems differ in input and 
recall. 
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Principle 10: Learning is developmental.  MBE Principle 4: Great teachers know that 
learning is a constructivist process, and 
that the ability to learn continues through 
developmental stages as an individual 
matures. 
Principle 11: Complex learning is enhanced 
by challenge and inhibited by threat 
associated with helplessness. 
MBE Principle 12: Great teachers know 
that learning is enhanced by challenge and 
inhibited by threat. 
Principle 12: Each brain is uniquely 
organised. 
MBE Principle 1: Great teachers know that 
each brain is unique and uniquely 
organised. 
 
The learning principles are described as summarising everything known about 
learning (Caine et al., 2009), and are reported to meet the following four brain-based 
criteria: 
• The phenomena described by the principles should be universal. 
• Research documenting any one specific principle should be evidenced in, and its 
influence must span more than, one field or discipline. 
• The principles should anticipate future research. 
• The principles should provide implications for practice (Caine et al., 2009). 
 
Like MBE, brain-based learning is a complex area. Not only are there different ways 
of representing brain-based learning, but some structures, such as the Caines’ 
brain/mind principles of natural learning, are complicated suggesting, in addition to 
the twelve principles, four brain-based criteria, twelve learning capacities and three 
critical elements. Caine et al. (2009) argues that each principle “illuminates new 
sparks of capacities for learning, which can be translated into further enhancements 
of instructional practices” (p. 3). The learning capacities are described as a list of 
innate capacities which are in turn described as being based on the structure and 
function of the brain, and the application of learning and behavioural principles 
derived from neuroscience. The relationship between the learning principles, 
capacities for learning and critical elements is summarised in Appendix B.  
 
The criteria from which the learning principles are developed, however, do not 
reflect a foundation in brain structure and function. As an example, brain/mind 
learning principle ten states that learning is developmental. A discussion of this 
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principle states that there are stages of development that all humans experience. 
Infancy, the early years and adolescence are named as developmental steps, and the 
two periods of rapid brain growth in the first 18 months and in adolescence are 
acknowledged. Up to this point, the link to brain science is clear. However, in 
providing detail about how to implement this principle in the classroom, Caine et al. 
(2009) argue that learning needs to contain relevant content and experiences, 
identify instructional approaches that look for additional ways to integrate other 
subjects into the curriculum, and identify the need to expand teacher knowledge 
bases so that they become learners alongside their students. This does not reflect a 
link to what scientists know and understand about brain structure and function. 
  
The previous example adds support to the criticism that brain-based learning lacks 
scientific credibility (Beauchamp & Beauchamp, 2012) being labelled as “unscientific” 
(Lindell & Kidd, 2011, p. 121), as “providing pedagogical advice that is not grounded 
in scientific fact” (Stern, 2005, p. 745) and “at best … no more than a folk-theory 
about the brain and learning” (Bruer, 2002, p. 1032). Brain-based learning materials 
have been described as being “based on very loose links and factually incorrect 
interpretations or gross generalisations of neuroscience data: in essence, 
pseudoscience rather than neuroscience” (Coch & Ansari, 2012, p. 34). It has been 
described as being the result of the work of educational consultants and marketers 
of pre-packaged programs rather than neuroscientists (Bruer, 2002). When used in 
the literature, the term is sometimes italicised (e.g.: ‘brain-based’ rather than ‘brain 
based’) which is a generally accepted use of punctuation and font style to imply irony 
or sarcasm.  
 
Jensen (2008b) in responding to similar criticisms of brain-based education, makes a 
comparison to the Wright Brothers and the first flight of the Kitty Hawk. He draws 
parallels between the credibility criticisms of brain-based education, including 
arguments that teachers are not neuroscientists and neuroscientists are not 
teachers, with the fact that the Wright Brothers were bicycle mechanics rather than 
aviators. Jensen (2008b) also suggests that the first flight of the Kitty Hawk could 
have been deemed a failure rather than the beginning steps to something much 
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larger, and compares this to the current state of infancy of brain research. He argues 
that “stress, exercise, nutrition and social conditions are all relevant, brain-based 
issues that affect cognition, attention, classroom discipline, attendance and 
memory” (E. Jensen, 2008b, p. 91). He provides examples of the work of Drs 
Merzenich and Tallal and the Fast ForWord program (Gillam, 1999), and Professor 
Tanaka and his research team with the Let’s Face It! face recognition software 
(Tanaka et al., 2010) as two examples of where neuroscience is directly improving 
learning (E. Jensen, 2015). 
 
Neuroscience research, specifically the area of neuroeducation, is complex and 
evolving. The diverse range of frameworks for learning and the number of different 
terms complicate this. Some frameworks, such as cognitive neuroscience are simple, 
while others, such as MBE and brain-based learning are multifaceted. Cognitive 
neuroscience and MBE seek to improve learning and student performance by using 
neuroscience data about the biological working of the brain alongside aspects of 
cognitive psychology such as attention, language use, memory, perception, problem-
solving, creativity, and thinking. Brain-based learning is a practical learning theory 
based on neuroscience and learning principles. All three approaches attempt to 
provide a way of translating brain science to classroom practice. Cognitive 
neuroscience argues this is achieved through the application of a set of learning 
principles, but there is little evidence that explicitly attributes these to emerging 
neuroscience data. MBE proposes a complex mix of concepts, principles, 
instructional guidelines and classroom best practices. The concepts, like the cognitive 
neuroscience principles, appear to lack explicit connections to emerging 
neuroscience, which is supported by Tokuhama-Espinosa’s (2011) statement that 
they are not new ideas – they have been around for decades, if not centuries. Only 
eight of the principles make explicit reference to the brain and most reflect common 
knowledge (e.g. the brain is unique, brains are not equally good at everything, the 
brain is complex, the brain depends on social interactions and remembers best 
learning that is authentic and concrete) rather than emerging neuroscience. The 
instructional guidelines are described as aspects of learning and, like the principles 
and concepts, are limited in representing a fundamental link to current 
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neuroscientific understandings about the structure and function of the brain. An 
argument could be made that there is evidence of links to neuroscience in some of 
the proposed best practices (e.g. plan activities that stimulate memory, use spaced 
versus massed learning moments, incorporate repetition), but these could equally be 
supported by the argument that these represent nothing more than just good 
teaching practice. The inclusion of practices such as ‘get students out of rows’, ‘work 
harder than your students work’, and ‘believe in your students’, undermine the 
suggestion that MBE is a field of neuroscience. Brain-based learning includes 
different frameworks. Of the three areas, of cognitive neuroscience, MBE and brain-
based learning, MBE has received the most criticism as being unscientific. The 
problem that the Caines’ brain/mind principles of natural learning do not reflect a 
foundation from brain structure and function has been previously noted as a 
criticism. Interestingly, this may explain why “brain based learning and is now better 
known as natural learning” (Caine & Caine, 2014, para 1). 
 
The Marriage of Education and Neuroscience 
The connection between education and neuroscience is the key focus of this portfolio 
and explores a discussion about whether a partnership between education and 
neuroscience should be encouraged. Consideration is given to what neuroscience can 
bring to education and what education can bring to neuroscience, and examines the 
advantages and disadvantages of a collaboration between education and 
neuroscience. The negative and positive arguments are well established in the 
literature, with a slight increase towards the positive argument being accepted in 
literature that is more recent. 
 
A marriage metaphor has been chosen to represent Theme 2. A marriage is the 
coming together of two individuals (education and neuroscience), from different 
backgrounds (disciplines) but with common interests (the brain), around one goal 
(learning). Each of the partners is equal in the relationship (no magic wand or silver 
bullets), but they come with their own skills and knowledge (purposes, training and 
foci and expertise). Each partner brings to the relationship existing ways of 
communicating (specialist language) and doing things (methodology), which has 
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generally been learned and passed on from their family (fields). Some people are 
happy about the marriage and encourage it; some are not. Most have an opinion and 
pass judgement on its success (useful application to improve learning). The literature 
provides many reasons why a ‘marriage’ between education and neuroscience will 
not work.  
 
The fundamental differences between neuroscience and education, and the 
methodological and philosophical differences between research and practice, 
strengthen the view that such a relationship is a bridge too far. Unrealistic 
expectations about the impact and usefulness of neuroscience research for 
education, along with communication and language barriers between researchers 
and practitioners (Edelenbosch, Kupper, Krabbendam, & Broerse, 2015) are also used 
as arguments against bringing together neuroscience and education. Reasons for 
encouraging the marriage include an ‘in-principle’ argument that current application 
of neuroscience to educational contexts, existing successful relationships between 
neuroscience and education, and reported successful outcomes on teacher practice 
and student learning outcomes are worth exploring and building upon. 
 
A Bridge Too Far 
A number of authors believe that neuroscience and education should not be linked, 
and commence their argument with Bruer’s reflection that it is “a bridge too far” 
(Bruer, 1997, p. 4; Campbell, 2011; Purdy & Morrison, 2009). They argue that the 
fundamental differences between neuroscience and education mean that 
neuroscience cannot directly inform education (Azevedo et al., 2008; Campbell, 
2011; Clement & Lovat, 2012; Cuthbert, 2015; Dubinsky, Roehrig, & Varma, 2013; 
Geake & Cooper, 2003; Hardiman, Rinne, Gregory, & Yarmolinskaya, 2012; Hook & 
Farah, 2013; Mareschal, Butterworth, & Tolmie, 2013; Purdy & Morrison, 2009; 
Sigman, Pane, Goldin, & Ribeiro, 2014; Varma, McDandliss, & Schwartz, 2008). The 
key word here is ‘directly’. Bruer (1997) suggested that “educational applications of 
brain science may come eventually, but as of now neuroscience has little to offer” (p. 
4). A closer examination of Bruer’s (1997) argument reveals that it is not that 
neuroscience cannot link with education, but that the link is not direct. Bruer (1997) 
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acknowledged that there is an existing, albeit indirect, link between education and 
cognitive psychology and then between cognitive psychology and neuroscience 
(Bruer, 1997; De Smedt et al., 2010; Dubinsky et al., 2013). Bruer (1997) reasoned 
that cognitive psychology allowed teachers “to see how mental functions map onto 
brain structures” (p. 4) and that it is the only way “to move between education and 
the brain” (p. 4). As a result, Bruer (1997) made a case that there is an existing, 
indirect relationship between neuroscience and education which serves to 
undermine his original argument that there is a ‘too far’ or insurmountable 
difference between the two disciplines. 
 
In 2007, Bruer, along with 136 other scientists (Howard-Jones, 2014b) became a 
signatory of the Santiago Declaration, which in part stated that “current brain 
research offers a promissory note … for the future. Developmental models and our 
understanding of learning will be aided by studies that reveal the effects of 
experience on brain systems working in concert. This work is likely to enhance our 
understanding of the mechanisms underlying learning” (SantiagoDeclaration.org, 
2007, 'Principle 8'). The idea that brain research offers a ‘promissory note’ reinforces 
the promise of something to come and supports Bruer’s (1997) observation that 
“educational applications of brain science may come eventually” (my emphasis) (p. 
4). The acknowledgement in the declaration that developmental models and 
understanding of learning will be aided by studies is about knowledge building and 
falls short of application to classrooms, although it could be interpreted as having 
application to education more broadly. The same could be true for ‘understanding of 
the mechanisms underlying learning’. Existing partnerships appear to represent a 
one-way relationship that prioritises neuroscientific knowledge to solve educational 
problems (Coch & Ansari, 2009). Neuroscience is represented as impacting on 
education rather than education having a reciprocal or equal relationship. A 2017 
Google Scholar search using the search terms ‘education’ + ‘neuroscience’, limited to 
articles published in 2016 and 2017 and discounting articles not specifically related 
to mainstream secondary education, confirmed this one-sided perspective. The first 
eight results of this search are as summarised in Table 2.5. 
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Table 2.5 
Summary of Google Scholar ‘Education’ + ‘Neuroscience’ Search Results  
Title of reference Relationship summary 
Innovative science educational 
neuroscience: Strategies for engaging brain 
waves in science education research 
Neuroscience impacting on education - 
“practical implications for engaging 
neuroscience in science education” (Liu & 
Huang, 2016) 
The promise of educational neuroscience: 
Comment on Bowers. 
Neuroscience impacting on education – 
“how educational neuroscience may 
contribute to education” (Gabrieli, 2016). 
Cognitive neuroscience and mathematics 
learning: how far have we come? Where 
do we need to go? 
Neuroscience impacting on education – 
although this article claims to build bridges 
between cognitive neuroscience and 
mathematics education research and 
practice, the majority of examples involve 
“mathematics education using a cognitive 
neuroscience approach” (Ansari & Lyons, 
2016). 
Neuroscientific studies of mathematical 
thinking and learning:  A critical look from 
a mathematics education viewpoint. 
Neuroscience impacting on education – 
although claiming to describe a 
“relationship between cognitive 
neuroscience and mathematics, from a 
mathematics education viewpoint” 
(Verschaffel, Lehtinen, & Van Dooren, 
2016), the majority of the research 
presented in the article starts with 
neuroscientific studies. 
Towards a model of how learners process 
feedback: A deeper look at learning. 
Balanced perspective - This study 
recognises that one of the “challenges for 
educational neuroscience studies is to 
ensure that there are clear links from 
classroom practice to the research 
laboratory studies and vice versa” (Timms, 
DeVelle, & Lay, 2016). However, “this pilot 
study did not involve any neuroscience 
methods” (Timms et al., 2016). 
The practical and principled problems with 
educational neuroscience. 
Neuroscience impacting on education – 
this paper explores issues from only the 
perspective of neuroscience impacting on 
education, and suggests there are “no 
current examples of neuroscience 
motivating new and effective teaching 
methods, and argues that neuroscience is 
unlikely to improve teaching in the future” 
(Bowers, 2016). 
Neuroscience and education: Mind the 
gap. 
Neuroscience impacting on education –  
the article focuses on the “translation of 
these neuroscientific insights into 
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classroom teaching practice” (Morris & 
Sah, 2016). 
Memory and the developing brain: Are 
insights from cognitive neuroscience 
applicable to education? 
Neuroscience impacting on education – 
this paper discusses the application of 
“insights from investigations into the 
neural basis of memory development to 
educational practices” (Ofen, Yu, & Chen, 
2016). 
 
An editorial co-authored by Bruer following the development and signing of the 
declaration, was entitled The Brain/Education Barrier. The use of ‘brain’ in preference 
to ‘neuroscience’, which was more commonly used at the time of writing, may imply 
that Bruer’s objections are against neuroscience specifically, and not against research 
about the brain generally. Ten years later, Bruer (2006) authored a paper that made 
his objections clear – “attempts to link neuroscience with education pay insufficient 
attention to psychology” (p. 104). Bruer (2006) argues for the value of psychology in  
a number of areas, arguing that: 
• If the aim is to develop a science-based pedagogy, then cognitive psychology 
already offers a largely untapped knowledge base. 
• Attempting to link brain development, developmental neurobiology and 
education ignores and is inconsistent with what we already know about teaching 
and learning from cognitive psychology. 
• Cognitive psychology is a precondition of cognitive neuroscience. 
 
The Neuroscience-Education Divide 
Some authors argue that neuroscience and education should not be joined because 
neuroscience research takes place in the laboratory and specialises in the theoretical 
study of the brain and the nervous system (Clement & Lovat, 2012; Simmonds, 2014; 
Worden, Hinton, & Fischer, 2011). Neuroscience, as a natural science, is 
fundamentally different to the artificial science of education. The difference has been 
described as a difference between basic (neuroscience) and applied (educational) 
research (Ansari & Coch, 2006) and represents a diametrical opposition (Turner, 
2012). Neuroscience and education have different goals, scales of study and levels of 
analysis. Therefore, neuroscience is perceived as being disconnected from the 
realities and challenges of classrooms, and it cannot be applied to the complex 
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environment of the classroom. Neuroscience is distanced both physically and 
fundamentally from the classroom. This distance (Ansari, Coch, & De Smedt, 2011) is 
used as one of the justifications for why neuroscience and education should remain 
as separate disciplines. 
 
Neuroscientists and teachers operate with different purposes, training and foci. The 
differences suggest the need for caution (Geake, 2009; McAteer, 2010; Sousa, 2006; 
Sylwester, 1995; Wolfe, 2001) about how to apply neuroscience findings to teacher 
practice and classroom experiences. Caution is required because neuroscience 
research has been conducted for purposes other than educational and therefore may 
not be applicable in the context of the classroom. Willis states that “the findings of 
neuroimaging research for education and learning are still largely suggestive; they 
have not demonstrated a solid empirical link” (Willis, 2007b, p. 699) which may be 
the result of neuroscientists not being comfortable about applying findings to a 
context that they were not working towards. However, there are many examples of 
scientists inventing things they were not looking to invent or finding different 
applications for discoveries made. Some examples include penicillin, post-it-notes, 
the colour mauve, plastic, saccharine and the pacemaker (Donnelly, 2012). Just 
because a scientist sets out to collect data on one thing, does not mean that there is 
not a wider or different application for those data.  
 
Another view is that bringing neuroscience and education together undermines the 
intellectual integrity of each discipline and trivialises both the work of teachers and 
the work of neuroscientists (Cuthbert, 2015). Cuthbert (2015) goes on to suggest that 
neuroeducation supports a deficit model that disenfranchises teachers through 
practices that encourage them to simply follow instructions from scientists removed 
from the classroom. Bringing together researchers and teachers with the aim of 
solving common problems and informing teaching and learning should produce 
findings that better address the practical concerns of teachers. It should facilitate 
more accessible communication of evidence, promote evidence-informed practice, 
and build understanding of and empathy for each other for both teachers and 
researchers.  
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Perkins (2009) describes the epistemic difference between education and 
neuroscience as being between explanatory theories that reach for fundamental 
principles and explain how things work, and action theories that inform practices and 
guide how something gets done. Neuroscience and education have different 
methodologies and experimental design practices. Neuroscientists work with 
controls, double-blind studies and eliminate biases to ensure objectivity in 
laboratory-based research. In contrast, educators are much more likely to engage in 
qualitative research methodologies such as action research4 (Devonshire & 
Dommett, 2010). These practices influence the use of language and impact on 
communication, which are discussed below and are used as reasons to discourage 
teachers and scientists from working together. 
 
Nothing New to Add  
Some scholars claim there is little evidence of the direct transfer of current 
neuroscience to educational practice (Clement & Lovat, 2012; Fischer, 2009; 
Goswami, 2006; Hruby, 2012) which suggests that neuroscience may have nothing 
new to add to what is known about classroom practice (Clement & Lovat, 2012; 
Ferrari, 2011). Cuthbert (2015) suggests that neuroscience simply re-presents 
existing knowledge from the humanities and social sciences using scientific language. 
This is a fundamental debate between those who adhere to a cognitive psychology 
standpoint as compared to a socio-cultural view of learning. This argument that 
research has little to add to practice could be said of many areas of knowledge and 
may very well be true of some areas of educational research, not just brain research. 
Nevertheless, this view is challenged by the development of the ‘neuroscience core 
concepts’ by the Society of Neuroscience. These core concepts “distil ‘big ideas’ in 
the field for non-scientific audiences” (Dubinsky et al., 2013, p. 318) and pinpoint the 
biological mechanisms that occur in the nervous system in response to a learning 
activity. Dubinsky et al. (2013) suggests that the core concepts (Appendix C) can 
inform teaching and learning by articulating the neuroscience learning concepts 
(Appendix D). For example, one of the learning concepts states that “learning 
strengthens a set of electrical and chemical events at the level of individual neurons 
that, over time, result in functional associations distributed throughout the brain. 
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The act of remembering opens up the synaptic set for further plasticity” (Dubinsky et 
al., 2013, p. 319). The concept of plasticity is connected to the neuroscience core 
concepts as “neurons communicate using both electrical and chemical signals [and] 
life experiences change the nervous system (Dubinsky et al., 2013, p. 319).  Teachers 
are provided with both neuroscience knowledge and understanding in a usable 
format and language that informs practice. The neurobiology of learning can assist 
teachers in designing learning that does not just use the brain to learn, but changes 
the brain through learning (Dubinsky et al., 2013). Neuroscience is therefore being 
applied directly to improve teacher understanding of the learning process and to 
transform pedagogy. 
 
There is great potential for neuroscience to inform the field of education and teacher 
practice. Neuroscience offers knowledge that is not available in any other discipline 
- knowledge that can contribute to the field of education and support the work of 
teachers. “As hidden processes in the brain and body become visible, researchers 
and teachers can begin to observe the biological effects of educational interventions 
and relate them to outcomes in learning and development” (Fischer et al., 2007, p. 
1). Understanding the biology of learning helps teachers to facilitate learning and 
development. It “provides an additional perspective that will extend existing 
knowledge of learning and subsequently lead to improved educational theory and 
practice, including more adequately addressing existing problems” (Clement & Lovat, 
2012, p. 539). Neuroscience provides insights into the abilities and constraints of the 
learning brain and does help explain why some learning environments work while 
others fail. However, neuroscience should not be used in isolation. It must be seen 
as one source of evidence that can contribute to the knowledge obtained from other 
research (Clement & Lovat, 2012). It cannot provide all the knowledge required to 
design powerful learning environments in particular school content areas but does 
provide additional information that can, like a spoke in a wheel (Clement & Lovat, 
2012), add strength to existing understandings and be interpreted alongside other 
data sources. As part of interdisciplinary collaborations, neuroscience contributes to 
a comprehensive understanding that can be applied to structure future learning 
experiences and environments and underpins ‘evidence-based’ reform (Stern, 2005).  
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Communication and Language Barriers 
Issues of communication maintain the theory-practice divide. At the vocabulary level, 
the language of education belongs to the social sciences and is used to describe 
behavioural phenomena. The vocabulary of neuroscience belongs to the biological 
sciences and describes physical phenomena (Varma et al., 2008). Neuroscience 
research results are generally collated for, and presented to researchers, and 
therefore may be uninteresting and inaccessible to teachers. The technical and 
precise specialist language used by each group to describe observations and data, for 
example, is different and impacts on the ease with which research can be translated 
from theory to practice. Neuroscientific research is often communicated in highly 
abstruse forms (Howard-Jones, 2014b). To reduce the theory-practice divide 
neuroscientific knowledge must be offered in a form accessible to teachers, without 
oversimplification and misapplication. A common language (Ansari & Coch, 2006) 
applied to plain texts or lay summaries (Beauchamp & Beauchamp, 2012; Varma et 
al., 2008) would facilitate improved communication and result in more effective 
transfer and translation of research findings to classroom contexts. Tytler (2013) 
describes this as an inter-language. Previous attempts to simplify research findings 
may have contributed to the rise of neuromyths, which will be addressed, along with 
the seductive allure of ‘neuro’ in Theme 3.  
 
Training Hybrid Professionals 
Providers of teacher learning and universities are beginning to understand the 
importance of bringing neuroscience and education together. In 2005 The National 
Key Laboratory of Cognitive Neuroscience and Learning (CNL) was founded at Beijing 
Normal University. This lab brought together neuroscience and education by focusing 
on research in both cognitive neuroscience and learning (National Key Laboratory of 
Cognitive Neuroscience and Learning, 2011). An interdisciplinary team of researchers 
at Stanford University’s Graduate School of Education are working to bridge the 
education-neuroscience gap by bringing educational researchers together with 
neuroscience research, to support educational achievement to nurture and expand 
the two-way relationship and dialogue between education and neuroscience 
researchers. In this relationship teachers help frame useful neuroscientific research 
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by suggesting classroom issues that need solving (Adams, 2014). “The idea of trying 
to incorporate neuroscience into teaching methods isn't new … what's new is the 
imaging technologies that are making the idea a reality” (Adams, 2014, para 6). At 
the University of Bristol neuroscience is influencing educational thinking through a 
Graduate School of Education program for educational professionals, designed to 
increase teachers’ knowledge and understanding of learning from a neuroscientific 
perspective. The course provides a foundation for educational policy and practice 
that is informed by brain research evidence (Graduate School of Education, 2016).  
 
In Australia, neuroscience research is having an increasing impact on teachers’ 
understanding of learning. An example is the neuroscience and education course at 
the University of Adelaide. This course explores the link between teacher experience 
and neuroscientific findings. Course outcomes include students being able to: 
• Apply knowledge of cognitive neuroscience to classroom practice.  
• Identify how neuroscience can contribute to educational debates.  
• Analyse the validity and usefulness of educational interventions which claim to 
be based on neuroscientific findings. 
• Identify, research, and present the relationship between a specific set of 
neuroscientific findings and educational practice (The University of Adelaide, 
2016).  
 
These examples serve to demonstrate movement towards an interdisciplinary field 
that supports researchers and teachers in becoming equally literate in the languages 
of education and cognitive neuroscience. But the commitment must be bi-
directional. Teachers need to become ‘neuroscience literate’ and neuroscientists 
need to become ‘education literate’ (Ansari et al., 2011) or bilingual (Aranda, 2013; 
Devonshire & Dommett, 2010). In a study of 200 educators conducted by Pickering 
and Howard-Jones (2007), participant’s supported both the inclusion of neuroscience 
in teacher pre-service training programs and the training of hybrid professionals, to 
act as ‘educational engineers’ (Hardiman et al., 2012), neuroeducators (Fischer, 
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Goswami, & the Task Force on the Future of Educational Neuroscience, 2010), or 
‘translators’ between the fields of neuroscience and education.  
 
Two-Way Street 
There appears to be a literature-wide practice that places neuroscience in the first 
position and education in the second position. This practice implies a knowledge 
hierarchy that positions neuroscience above education and situates educators as 
recipients of information generated by neuroscientists (Ansari et al., 2011; Clement 
& Lovat, 2012). Implied by the practise of naming neuroscience ahead of education, 
is a one-way relationship where neuroscience informs education - a relationship 
described by Tytler (2013) as “that of a handmaiden to the aristocrat, or the 
technician to the research scientist” (pp. 7-8). This sort of relationship results in 
expectations that scientists will tell teachers what they should do and will provide 
“silver bullets, research-based fixes of educational problems [and] … easy-to-follow 
‘recipes for practice’” (Ansari et al., 2011, p. 39). Instead of seeking to determine 
what neuroscience can do for education, the aim should be to understand how 
education and neuroscience inform each other (Ansari et al., 2011) in a professional, 
collaborative, two-way partnership. 
 
Challenging the perception of a one-way relationship requires the recognition that 
education has a viable application to informing neuroscience. “Teachers have a 
unique insight into learning and development that can complement and extend 
scientific understanding of development” (Coch & Ansari, 2012, p. 40) which has the 
potential to inform neuroscientific research. Teacher expertise could be a valuable 
addition to neuroscience (Hruby, 2012). Teachers don’t want ‘dumbed-down’ 
information; they want to be able to understand research and potential implications 
for practice and be “scientifically literate enough with respect to brain structure and 
function that they can evaluate research findings and discriminate relevant 
information from neuromyth” (Hardiman et al., 2012, p. 138). In this way, teachers 
can be knowledge generators and equal participants. They can be consulted in the 
design of educationally relevant research (Sharples & Kelley, 2014) and be given the 
opportunity to apply understanding of educationally significant factors and negotiate 
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research variables that need to be considered (De Smedt et al., 2010). Teachers have 
much to offer in enabling scientists to become literate in classroom issues and 
problems (Patten & Campbell, 2011). By strengthening their relationship with the 
learning, development and brain research disciplines, teachers decrease the 
potential for marginalisation (Purdy, 2008) and increase their professional standing. 
Practitioners’ skills and experiences can support scientists to improve their 
understanding of practices (Fischer & Daley, 2006). 
 
In order to establish an equal yet complementary partnership, education and 
neuroscience need to inform each other’s practices and engage in mutually beneficial 
conversations (Ansari et al., 2011). Scientists and teachers need to see themselves as 
“collaborators, not competitors” (Varma et al., 2008, p. 149) committed to working 
together in reciprocal ways (De Smedt et al., 2010; Fischer & Daley, 2006). This can 
contribute to the development of a bidirectional partnership, or two-way street 
(Aranda, 2013; De Smedt et al., 2010; Turner, 2011), of sustainable authentic 
collaboration between teachers and neuroscientists. To be effective, collaborative 
relationships must start from a common ground, and use a common language that 
allows knowledge not only to be shared, but used powerfully for common 
understanding (Knox, 2016) and for the purpose of achieving a common goal. As a 
result, each partner contributes to optimising the contribution of the other 
(Campbell, 2011) by acknowledging the expertise and knowledge of each group 
without devaluing existing good practices (Sharples & Kelley, 2014). Balanced 
communication and mutual respect, along with hybrid training, may result in 
interdisciplinary researchers, fluent in the languages of both education and 
neuroscience, may contribute to a reduction in the divide between education and 
neuroscience, and has the potential to support better communication between 
teachers and scientists. 
 
Useable Knowledge 
Despite the communication concerns discussed previously, neuroscience has 
contributed to understanding the brain and has opened a dialogue to explore 
opportunities to inform teacher practice. It has provided new insights and useable 
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knowledge that has explained why some teacher practices are effective. “Even when 
neuroscience merely confirms what is already known from classroom observation, it 
… provide[s] a scientific basis for education understanding” (Turner, 2012, p. 169). 
Brain research has provided teachers with a better understanding of instructional 
practices and combines “the art of teaching with the science of neuroimaging [that] 
will best guide teachers in finding the more neuro-logical ways to maximise learning” 
(2007a, p. 6). When teachers have access to neuroscientific knowledge in a form that 
they understand and can incorporate usefully into their own classroom practice, then 
they can use that information to inform decision-making about learning and teaching 
and can improve the educational outcomes of their students. Neuroscience has 
demonstrated that it contributes useful information that informs teacher practice 
and impacts on student learning outcomes. The OECD Brain and Learning program 
has confirmed the contribution of neuroscience stating that “educational 
neuroscience is generating valuable new knowledge to inform educational policy and 
practice … by opening up understanding of ‘causation’ not just ‘correlation’ … 
help[ing] identify effective interventions and solutions … dispelling neuromyths … 
deepening the knowledge base of what constitutes learning … revealing hitherto 
hidden characteristics in individuals [and] informing how best to design and arrange 
different educational practices” (OECD, 2007, pp. 152-153). 
 
Howard-Jones’ (2014a) review of educational interventions and approaches 
informed by neuroscience, for the Education Endowment Foundation in the United 
Kingdom, sought to identify the understandings from the sciences that might 
influence classroom practices. Eighteen educational approaches and interventions 
that claim to be based on neuroscientific evidence were identified by the review. 
Each neuroscience-informed educational approach or intervention (topic) was 
examined and evaluated in two ways. Firstly, the strength of the evidence was 
considered, and each topic was then rated on a 3-point scale from ‘low’ to ‘high’, self-
developed for this purpose. Topics rated as having ‘high’ strength of evidence for 
educational effectiveness had several studies that supported a positive impact on 
students’ educational outcomes. Those rated as ‘low’ had limited or mixed 
experimental results. The second criteria used to rank the topics was the distance 
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from application. Again, each topic was ranked using a self-developed 3-point scale 
from ‘distant’ to ‘near’. Topics rated as being ‘near’ could be applied immediately to 
the classroom. Those rated as ‘distant’ had significant challenges for such use, 
including problems with development of knowledge and/or understanding, 
problems of design and/or ethical issues. Using the ranks of strength of evidence and 
distance from educational application, the 18 topics were split into three groups. The 
topics of Group 1 were grouped together because they had a “theoretical basis that 
can be clearly constructed from findings in the scientific literature, from laboratory 
studies showing improvements in tasks related to academic achievement and 
classroom-based trials” (Howard-Jones, 2014a, p. 4) and included mathematics 
(maths anxiety), reading, exercise, spaced learning and testing initiatives. The topics 
of Group 2 had a “theoretical basis that can be clearly constructed from findings in 
scientific literature, from laboratory studies showing improvements in academic 
learning and/or from some exploratory research in classrooms. Initiatives in this 
group include mathematics (non-symbolic and symbolic representation of number 
and finger gnosis training), sleep, nutrition and hydration, embodied cognition, 
interleaving, learning games, creativity, neurofeedback and brain training of 
executive function interventions. These initiatives, however, often require more 
translational work and piloting of the approaches to test their feasibility within the 
classroom” (Howard-Jones, 2014a, p. 5). The topics of Group 3 face significant 
challenges in terms of their theoretical basic or limited evidence. This group includes 
mathematics (mental rotation), genetics, personalisation and transcranial electrical 
stimulation programs. Additional scientific questions need to be answered to allow 
application within the classroom.  
 
This study served two purposes. Firstly, it confirmed that there is strength in evidence 
to support the applicability of neuroscience to education. Secondly, it confirmed that 
some interventions are very close to implementation in classroom contexts, and 
therefore that neuroscience can inform teaching through the provision of 
knowledge.  
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Current Application of Neuroscience in Education 
The Wellcome Trust (Simmonds, 2014) surveyed 1,073 teachers in the United 
Kingdom to find out what teachers knew about neuroscience and how they used it 
to inform their teaching practice. Sixty percent of participants stated that they knew 
a ‘little’ about neuroscience and 25% reported that they knew ‘a fair amount’ or ‘a 
great deal’ about neuroscience. A total of 91% of respondents reported using 
neuroscience to inform at least one aspect of teaching and learning (Simmonds, 
2014). Noted is the discrepancy in the results that identified some teachers as having 
knowledge about neuroscience research and some reporting using this knowledge in 
practice. This means that some of teachers were using neuroscience to inform their 
practice without knowing anything about it.  
 
When asked to identify which aspects of teacher practice were informed by an 
understanding of neuroscience, 75% of teachers in Simmonds’ (Simmonds, 2014) 
study identified classroom practice as the most common area of application. Lesson 
planning (65%), provision for students with special needs (57%) and informing 
curriculum content (34%) were additionally identified (Simmonds, 2014). One survey 
question asked teachers to rank their agreement with the statement ‘Research into 
how the brain works will improve teaching practice … in the next ten years’. 33% of 
participants responded ‘strongly’ and 45% responded ‘slightly’. In an additional 
question that sought to gather data about professional learning and development, 
77% of respondents stated that neuroscience should be included in both teacher 
training and teacher professional learning activities (Simmonds, 2014) and supported 
the application of the aforementioned researcher and teacher training initiatives. 
Results from a  different study of 200 educators conducted by Pickering and Howard-
Jones (2007) confirmed educators were enthusiastic about the involvement of 
neuroscience in education and they believed that an understanding of the brain is 
important for teaching. 
 
The In-Principle Arguments 
The in-principle (Goswami, 2008) or common ground argument (Cuthbert, 2015) 
brings neuroscience and education together on an elementary level. Both teachers 
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and neuroscientists are interested in optimising learning. There is a natural 
connection between neuroscience and education because of the brain’s role in 
learning (Coch & Ansari, 2009):  
It seems sensible that brain research might have something valuable to 
contribute to education and, in turn, that education could have 
something valuable to contribute to brain research (Coch & Ansari, 2012, 
p. 34).  
 
The ‘in-principle’ counter-argument includes the opinion that “the distance between 
the two fields is too great for them to inform each other” (Howard-Jones, 2014b, p. 
817) and that “neuroscience, by definition, is not about classroom teaching and 
learning” (Hruby, 2012, p. 2). This reflects some of the ideas expressed previously in 
relation to neuroscience and education being seen as fundamentally and 
methodologically different, and the argument that there is no direct link that 
connects brain science directly to education (Bruer, 1997).  
 
Neuroscientists study the brain; teachers change the brain through learning. “The 
process of education is inextricably linked to neural change” (Ansari & Coch, 2006, p. 
146) which is the domain of neuroscience and there is a natural and valid connection 
between neuroscience and education because of the brain’s role in learning. A 
commitment to a brain focus and learning purpose reinforces the logic of a 
partnership between neuroscience and education and “while the brain research 
alone can’t tell us how to teach children, understanding the brain leads to uncovering 
underlying mechanisms” (Worden et al., 2011, p. 10). 
 
Literature Review Carried Out by Beauchamp and Beauchamp (2012)  
Beauchamp and Beauchamp (2012) conducted a review of the literature concerning 
the connection between education and neuroscience published between 1970 and 
2011. 86 texts were finally selected from a starting collection of 482. Their review of 
the literature identified seven themes which they labelled as: ‘misapplication’, 
‘multiple disciplines’, ‘language’, ‘knowledge development’, ‘value’, ‘collaboration’ 
and ‘research design’.  
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The theme of ‘misapplication’ of neuroscientific findings to practice included a 
discussion of the problems that eventuate when findings from basic research on 
learning and cognition are misunderstood, misinterpreted, oversimplified, or 
generalised (Beauchamp & Beauchamp, 2012). They report that this theme was 
found in nearly half of the reviewed articles. Neuromyths were a main aspect of this 
theme as were, to a lesser degree, ‘neuroethics’. The themes of ‘multiple disciplines’, 
‘language’, and ‘knowledge development’ provide explanations for why 
‘misapplication’ of neuroscience research may occur. ‘Multiple disciplines’ outlines 
how ‘misapplication’ occurs from bringing two or more disciplines together. The 
‘language’ theme explains how problems with ‘misapplication’ stem from 
neuroscience and education having their own unique language, which in turn, causes 
communication problems between the two fields. The theme of ‘knowledge 
development’ describes the gaps that exist on both sides of the neuroscience-
education divide. These four themes are therefore interrelated. The ideas included 
by Beauchamp and Beauchamp within the ‘misapplication’, ‘multiple disciplines’, 
‘knowledge development’ and ‘language’ themes are discussed as a part of the 
‘marriage’ theme from this literature review, with neuromyths being identified as a 
separate theme.  
 
Beauchamp and Beauchamp (2012) next identify the theme value which they state is 
the second largest theme in the literature, being identified in 43% of the literature 
reviewed. This theme promotes the significance of the connection between 
neuroscience and education, and includes the ideas of useable knowledge and the 
direct transfer of knowledge from neuroscience to education as being a ‘bridge too 
far’. These last two concepts are reported within the ‘marriage’ theme of this 
literature review. 
 
The final two themes from Beauchamp and Beauchamp’s (2012) review include 
‘collaboration’ and ‘research design’ which are described as two-ways that can be 
applied to add ‘value’. Establishing two-way collaboration with teachers working 
more closely with neuroscientists at the point of research design may result in studies 
that are better suited to collecting evidence that will have a closer application to 
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educational settings. The ‘collaboration’ theme explores the need for cooperation 
aimed at building interdisciplinary partnerships (Beauchamp & Beauchamp, 2012). 
The ‘research design’ theme builds from ‘collaboration’ by suggesting that the design 
of research projects should involve bidirectional collaboration with more research 
taking place in the classroom in preference to laboratory contexts. The idea of an 
intermediary to act as a discipline translator is suggested as a way of improving both 
collaboration and research design (Beauchamp & Beauchamp, 2012), which is an 
area that was included as part of the marriage theme of this review. The research 
design concept is best matched to the concept of the theory-practice divide, which 
is similarly included within the marriage theme from this review. 
 
This theme has explored the relationship between education and neuroscience. It 
has examined the arguments that neuroscience and education cannot come together 
successfully to improve education including: methodological and philosophical 
differences, and unrealistic expectations about the impact of the perceived 
uselessness of neuroscience research for education. Communication and language 
barriers between researchers and practitioners were examined. In contrast, claims 
that neuroscience can be and has been applied successfully in educational contexts, 
and reports of successful outcomes on teacher practice and student learning 
outcomes were considered.  
 
The Mistress - Neuromythology, Neuroethics and the Seductive Allure of 
Neuroscience Explanations 
A ‘mistress’ metaphor has been selected to represent this theme. A mistress is 
tempting and provocative, just as neuromyths and the allure of ‘neuro’ are for 
teachers and the community more widely. The mistress relationship is perceived as 
a lot of fun without any strings attached in the same way neuromyths are a lot of fun, 
without the evidence-based research ‘strings’ being attached. But, there is a lore or 
set of rules (neuroethics) about what is and is not allowed when involved with a 
mistress, just as there are rules that should govern the ethical behaviour of teachers, 
researchers, media, publishers of educational programs and universities when 
interpreting, translating, applying and publishing research findings.  
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Understanding the impact of neuromyths on the work of teachers is an important 
and recurring subject within the literature. Therefore, it is important to understand 
the definition of a neuromyth, how neuromyths evolve to become part of the 
educational context and which neuromyths are the most pervasive. It is critical to 
recognise the important role that teachers and scientists play as ‘myth busters’ 
(Anderson & Della Sala, 2012) in debunking (Patten & Campbell, 2011) incorrect 
understandings and how neuromyths are counterproductive to informed application 
of instructional practices (Clement & Lovat, 2012; Geake, 2009). The existence of 
neuromyths can disguise the contributions being made by neuroscience in areas 
significant to education (Goswami, 2006). 
 
The development of the term ‘neuromyth’ has been attributed to Alan Crockard, a 
surgeon who in the 1980s used the term in his lectures and articles to describe a 
“misleading type of ‘received wisdom’ within medical circles about clinical symptoms 
and causes” (Crockard in National Safety Council, 2010, p. 20). The term ‘neuromyth’ 
as it applies to education has been more recently defined as “a misunderstanding, a 
misreading and in some cases a deliberate warping of the scientifically established 
facts to make a relevant case for education or for other purposes” (OECD, 2002, p. 
71). Neuromyths are common and pervasive in the field of education and are viewed 
as “neurofacts”. The resilience of them to debunking has resulted in their status 
sometimes as educational urban legend (Kirschner & van Merrienboer, 2013). 
Neuromyths have frequently developed from some genuine scientific understanding 
(Bellert & Graham, 2013; OECD, 2007) but are then, through a ‘Chinese whispers’ 
type of distortion, moved from a scientific foundation to a commercially attractive 
popularing quick-fix fad, perceived to be research based. Some neuromyths have a 
residual connection to science, that, along with a lack of readily available counter 
arguments and evidence, supports their enduring power (Geake, 2008). 
Sensationalism, based on an appetite for brain news (‘neurophila’), the inclusion of 
irrelevant (or placebic) brain information, especially in conjunction with 
neuroscience jargon - both strengthen the persuasive power of neuromyths 
(Pasquinelli, 2012). Neuromyths can indirectly harm education by diverting attention 
and resources from the pursuit of evidence-informed practices, which is a focus of 
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the field of neuroethics (Farah, 2002). Neuromyths can interfere with understanding 
instructional methods and can undermine the motivation and attitudes of teachers 
towards taking on new practices. Their existence threatens evidence-informed 
practices  by making it difficult for teachers to separate science from pseudoscience 
(Pasquinelli, 2012). 
 
The OECD (2007) identified a number of neuromyths including:  
• The human brain is fully developed by the age of three and that once mature, 
the brain can learn nothing new.  
• There are critical periods when certain learning must occur.  
• We only use 10% of our brains. 
• Hemispheric laterality - the left brain, right brain myth. 
 
Dekker et al. (2012) conducted a study of neuromyths with 242 teacher participants 
from the United Kingdom and the Netherlands. Participants completed a 32-
statement online survey to determine knowledge about 15 commonly held 
neuromyths and 17 general knowledge statements about the brain. The results 
showed that seven of the 15 neuromyths were believed by more than 50% of the 
teachers. The three most commonly believed myths were that individuals learn 
better when they receive information in their preferred learning style (Bellert & 
Graham, 2013); ‘the left brain, right brain myth’ (Aranda, 2013; Bellert & Graham, 
2013; Worden et al., 2011), and the myth that short bouts of coordinated exercise 
can improve left and right brain function (Dekker et al., 2012).  More than 80% of 
participants believed these three myths. Eighty percent of participants believed that 
individuals show a preference for the mode in which they receive information (e.g. 
visual, kinaesthetic or auditory modes) (Dekker et al., 2012). A study ) conducted in 
Turkey, Greece and China by Howard-Jones (2014b) had similar results. In a further 
study conducted with 583 Portuguese teachers the most prevalent myths included 
‘multiple intelligences’, ‘preferred learning styles’ and ‘left brain versus right brain’ 
myths (Rato, Abreu, & Castro-Caldas, 2013). Other neuromyths reported in the 
literature include: neurokinaesthetics (brain gym) (Bellert & Graham, 2013; 
Goswami, 2006; Howard-Jones, 2008b; Purdy, 2008; Worden et al., 2011), that 
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playing classical music during pregnancy and after birth improves learning (The 
Mozart effect) (E. Jensen, 2012; Jorgenson, 2003; Waterhouse, 2006), Omega-3 
improves learning (Goswami, 2008; Oliver, 2011) and drinking water improves test 
results (Howard-Jones, 2014a; Oliver, 2011; Rato et al., 2013).  
 
Bellert and Graham (2013) attempted to fill the Australian gap in the literature by 
inviting 87 primary and high school teachers, mostly from learning support and 
special education contexts, to respond to 16 ‘true’ or ‘false’ survey statements. 
Participants were attending a state conference in New South Wales (NSW). Of 16 
statements, seven were neuromyths. Participants more often rated the neuromyths 
as true. The most accepted myths were about multiple intelligences, learning styles, 
and hemispheric laterality (Bellert & Graham, 2013). Despite information dispelling 
neuromyths in education, their popularity continues to impact on the work of 
teachers. The literature suggests that to move towards overcoming the influence of 
neuromyths, teacher learning about the brain and the basic facts from neuroscience 
need to be available to pre-service and in-service teachers, and partnerships 
between the neuroscience laboratory and the classroom need to be initiated and 
explored. This is one reason that underpins the development of the teacher 
professional workshop outlined in the following section of the portfolio. Etchells 
(2014) suggests that there is an ongoing issue that counter evidence is difficult to 
access for the non-neuroscience specialist, particularly when it comes to 
neuroimaging, and that neuromyths have been left unchallenged in the educational 
system. The following three most persuasive neuromyths need to be addressed: 
 
Neuromyth 1: Learning Styles 
An individual’s learning style is described as a preferred input or processing style. The 
literature suggests that there have been over 71 different identified learning styles 
(Coffield, Moseley, Hall, & Ecclestone, 2004; Howard-Jones, 2008b; Pashler, 
McDaniel, Rohrer, & Bjork, 2008) which is the most significant problem with this 
theory. Learning styles are the most widespread neuromyth (Howard-Jones, 2014b) 
in education, with approximately 96% of teachers believing that students learn better 
when they receive information in their preferred learning ‘style’ (Masson, 2014).  
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The ‘learning styles’ concept is based on the premise that individual learners process 
information in an individually unique way and that to improve academic 
achievement, teachers should match instruction to individual preferences (Coffield 
et al., 2004; De Bello, 1990; Pashler et al., 2008). Neuroscientific research has limited 
evidence to “support the idea that individuals actually learn in different ways by using 
different neural networks to accomplish similar learning tasks” (Sousa & Tomlinson, 
2011, p. 147). The typical brain works in a highly interconnected and integrated way 
(Bellert & Graham, 2013; Howard-Jones, 2008b). The brain collects data from 
multiple sources simultaneously and then processes information through parallel 
pathways. Pashler et al. (2008) conclude that neuroscience evidence about how the 
brain learns does not justify incorporating learning ‘styles’ in teaching, learning and 
assessment practices. 
 
The most well-known and widely embedded learning style is Stirling’s visual, auditory 
or kinaesthetic (VAK) model (2U Inc, nd; About.com, nd; Masson, 2014; Purdy, 2008; 
Winter, 2015) which was built upon by Fleming and Mills (1992). This learning style 
version employs a self-reported questionnaire to categorise individuals in terms of 
their preferred way of receiving, processing and communicating information. This 
tool provides only three options: visual, auditory or kinaesthetic. As with other 
learning styles, the underlying assumption of the VAK approach is the 
compartmentalisation of processing in different parts of the brain, which is 
contradictory to what neuroscience says about the interconnectivity of the brain 
(Bellert & Graham, 2013).   
 
Some critics of the learning styles concept argue that there is no research that 
supports the idea that people are a certain ‘type’ of learner (Oliver, 2011) and there 
is no improvement in student outcomes when this practice is applied (Geake, 2008).  
As yet, no evidence arising from neuroscience, or any other science, 
supports the educational value of categorising learners in terms of their 
sensory modality or any other type of learning style (National Safety 
Council, 2010, p. 24).  
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Pashler et al. (2008) argued that “although the literature on learning styles is 
enormous, very few studies have even used an experimental methodology capable 
of testing the validity of learning styles applied to education … at present, there is no 
adequate evidence base to justify incorporating learning styles assessments into 
general educational practice” (Pashler et al., 2008, p. 105). They suggest that, to be 
valid, students who have a specific learning style, for example visual learners, should 
show better outcomes when instructed in that learning style than students who have 
identified a different learning style preference, for example auditory learners. The 
Pashler et al. (2008) study was unable to validate this claim. 
 
Neuromyth 2: Hemispheric Laterality – Left Brain/Right Brain Theory 
According to this theory each side of the brain controls different types of thinking 
and people are said to prefer one type of thinking over the other (Geake, 2008; Purdy, 
2008). For example, a person who is left-brained is often said to be more logical, 
analytical and objective, while a person who is right-brained is said to be more 
intuitive, thoughtful and subjective (Alferink & Farmer-Dougan, 2010; Goswami, 
2006; Oliver, 2011; Purdy, 2008). Hemispheric dominance is the second most 
prevalent neuromyth among teachers. An average of 80% of teachers believe that 
hemispheric dominance helps to explain individual difference between learners 
(Masson, 2014). 
 
Hemispheric research comes predominantly from work studying individuals with a 
severed corpus callosum5. It is based on inferring explanations about typical brain 
functioning from data and evidence collected from atypical brain function of split-
brain patients (Alferink & Farmer-Dougan, 2010; Geake, 2008; OECD, 2007; Purdy, 
2008). Although hemispheric-based localisation of academic functions (cerebral 
specialisation) is not disputed, the correlation between typical brain function and 
that experienced by the severed atypical brain following split brain surgery is. The 
typical brain works in an integrated and simultaneous way (Alferink & Farmer-
Dougan, 2010). Humans only have one brain, comprising a left and right hemisphere; 
it is a singular and complex system. The two hemispheres do not function 
independently in a typical brain. It is neither accurate nor realistic to believe that the 
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typical brain selects one hemisphere at a time for separate academic function. In 
even the simplest of tasks, both hemispheres are involved. One of the implications 
of this myth is that teachers, parents and the community stereotype learners’ 
capabilities and limitations based on these models. This theory undermines the 
potential of the malleable and plastic brain theory. The ‘left-brain right-brain’ belief 
impacts at an individual level with some people taking on fixed limitations to their 
abilities. Everyone has strengths and weaknesses, but these do not come from a 
dominance of one hemisphere over the other. These strengths and weaknesses are 
not immune to good teaching and learning – the brain is far more malleable than 
that.  
 
Neuromyth 3: Multiple Intelligence Theory  
Multiple intelligence theory was developed in 1983 by Howard Gardner and was first 
published in his book, ‘Frames of Mind.’ Gardner suggests that rather than possessing 
a single general intelligence, individuals possess seven distinct intelligences: 
‘linguistic’, ‘musical’, ‘spatial’, ‘logical-mathematical’, ‘bodily-kinaesthetic’, 
‘intrapersonal sense of self’ and ‘interpersonal’. In 1999, Gardner revised his model, 
combining ‘intrapersonal’ and ‘interpersonal’ into a single intelligence and adding 
‘naturalistic intelligence’. He proposed the addition of existential intelligence. In 
2004, Gardner proposed the addition of mental searchlight intelligence and laser 
intelligence. 
 
Gardner (2004) suggests that these intelligences are consistent with how biologists 
think about the mind and brain, and argues that each intelligence operates from a 
separate area of the brain. Neuroscience, however, does not see these intelligences 
operating independently of each other - instead it sees the brain as having shared 
and overlapping pathways between different skills (Geake, 2008). Gardner (2004) set 
out to write about intelligence as a psychologist for the audience of psychologists, 
not as an educator. Both Geake (2009) and Waterhouse (2006) are critical of his 
theory and claim that there is inadequate evidence to support it (Bellert & Graham, 
2013). Gardiner and Moran (2006) state “it is up to educators to decide whether 
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ideas derived from, inferred from, or catalysed from multiple intelligence theory are 
useful to them” (p. 229). 
 
Despite multiple intelligence theory not appearing in the neuroscience literature, 
teachers heavily associate multiple intelligence theory with neuroscience.  
To date there have been no published studies that offer evidence of the 
validity of the Multiple Intelligence Theory. In 1994, Sternberg reported 
finding no empirical studies. In 2000 Allix reported finding no empirical 
studies … in 2004 Sternberg and Grigerenko stated that there were no 
validating studies (Waterhouse, 2006, p. 208) for Multiple Intelligence 
Theory.  
 
The reason why the theory of multiple intelligence is considered a neuromyth is 
because it does not arise from neuroscience (Howard-Jones, 2008b).  
 
Scope of Prevalent Neuromyths 
This review has discussed the three most pervasive neuromyths in Australia.  
Tokuhama-Espinosa (2014) has collated a comprehensive list of 53 currently 
prevalent neuromyths. She identifies myths about intelligence, brain architecture, 
teaching and learning, brain development and the environment, brain activity, brain 
plasticity, memory, gender and commercial venture. Tokuhama-Espinsoa (2011) 
argues that an important role of the brain research is to dispel neuromyths because 
… telling girls that they just don’t have the right kind of brain to do science 
does harm. Suggesting that a child and teacher have ‘styles’ that don’t 
coincide causes harm. Telling a teenager that there is a critical period for 
learning a foreign language and he has passed it does harm. Teachers 
need to become better at filtering good information from bad and 
avoiding harmful neuromyths that limit a student’s potential to learn 
(Tokuhama-Espinosa, 2014, p. 14).  
 
Teachers need to develop a critical neuroliteracy to effectively interact with the 
research. Just as students become “literate as they develop the knowledge, skills and 
dispositions to interpret and use language confidently for learning and 
communicating in and out of school and for participating effectively in society” 
(Australian Curriculum, 2013, p. 1), so too must teachers develop the knowledge and 
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skills to interpret and use the research confidently for learning, communicating about 
learning, and participating in the learning profession. 
 
Avoiding the Seductive Allure of Neuroscience Explanations 
Neuromyths may have gained acceptance because of the allure of neuroscience 
explanations. In a study conducted by Weisberg et al. (2008), participants from a 
novice6 group, students of neuroscience and experts in neuroscience were exposed 
to brief descriptions of psychological phenomena followed by four explanations – a 
good and a bad explanation that contained neuroscience and a good and a bad 
explanation that did not contain neuroscience. The neuroscience part of the 
explanation had no impact on the quality of the explanation. This study was 
conducted to test the hypothesis that explanations that contain neuroscientific 
information and explanations will be more readily accepted as more correct than 
those that do not contain neuroscientific information. The results of this study found 
that for the “novices and the students, the addition of such neuroscience information 
encouraged them to judge the explanations more favourably, particularly the bad 
explanations. That is, extraneous neuroscience information makes explanations look 
more satisfying than they actually are” (Weisberg et al., 2008, p. 7). Weisberg’s 
discussion of results suggests that many people “misunderstand the role that 
neuroscience should and should not play in … explanations” (2008, p. 7). Avoiding 
misapplications and oversimplifications coming from the neurosciences requires 
teachers to be literate in reading and critical of applications to ensure that only the 
best research based educational practices are implemented. 
 
In an additional study conducted by Dekker et al. (2012), teachers who were ranked 
as having higher general knowledge about the brain were significantly more likely to 
believe neuromyths. They found that teachers found it difficult to distinguish 
pseudoscience from scientific fact and that greater general knowledge about the 
brain did not protect teachers from believing in neuromyths (Dekker et al., 2012). 
Education is not the only discipline that has fallen prey to the ‘neurodisciplines’ 
(Hardiman et al., 2012). ‘Neuroeconomics’, ‘neurolaw’ and ‘neuroaesthetics’ all claim 
to have solid links with neuroscience research (Hardiman et al., 2012). With 
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practitioners adapting neuroscience research for their own purposes comes the need 
for ethical practices to be established. In terms of education, neuroethical behaviour 
should include clearly articulated responsibilities for interpreting, translating, 
applying and publishing research findings. Educational neuroethics apply to teachers, 
researchers, media, publishers of educational programs and universities (Hardiman 
et al., 2012). 
 
This theme has examined three of the main issues of the field including 
neuromythology, neuroethics and the seductive allure of neuroscience explanations. 
Three more pervasive neuromyths have been explored as examples of how common 
and pervasive they are in education. Neuromyths have the potential to confuse 
teachers because some appear to have a scientific foundation, making it difficult for 
teachers to separate science from pseudoscience. The resilience of some 
neuromyths being the result of the allure of neuroscientific explanations was also 
explored. 
 
The Empty Nesters (Gaps, Likelihoods and Future Research Opportunities) 
In keeping with the two previous themes of marriage and mistress, a metaphor was 
chosen to represent this theme. This theme is best represented by the metaphor of 
‘empty nesters.’ Empty nesting provides the opportunity to rekindle interests. 
Metaphorically, this encourages researchers and teacher-researchers to look afresh 
at the research and seek alternative or new research pathways, to celebrate their 
accomplishments and their contribution to society and to use this to inspire new 
actions. In this way, researchers and teacher-researchers are encouraged to reflect 
on what has been achieved to this point and to use that as a starting point to 
encourage ongoing and future work. Social commentators encourage empty nesters 
to re-focus their energies on new learning opportunities. In this way, the metaphor 
could be applied to seeking new research foci and answers that will fill current gaps 
in the research. Empty nesters are encouraged to prepare to be grandparents or to 
‘give birth’ to new projects. Empty nesting allows the freedom and energy to do all 
those things that had been planned for but not achieved. Empty nesting is a time of 
reflection, which provides the opportunity to critically review, revisit and adapt plans 
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by exploring new or different challenges that seek to fill the gap created by the empty 
nest, through reflection, and which are now visible, or to extend on current research 
in new and innovative ways. 
 
The Australian Prime Minister’s Science, Engineering and Innovation Council 
(PMSEIC) Independent Expert Working Group on Transforming Learning and the 
Transmission of Knowledge (Prime Minister’s Science Engineering and Innovation 
Council (PMSEIC), 2009), identified the need for research in two areas, as 
summarised in Table 2.6. 
 
Table 2.6 
Summary of PMSEIC Future Research Areas 
Understanding the science of learning 
Understanding the practice and 
environment of learning 
• Examining how to boost synaptic 
plasticity. At all ages, neurons retain the 
ability to grow and make new 
connections. There are significant 
implications for how we manage learning 
at all ages, manage aging and prevent 
cognitive decline. 
• Improving learning capabilities by 
improving higher order information 
processing with the aim of improving 
learning for all age groups. 
• Interspersing restful phases during the 
learning process. Research has identified 
the importance of breaks to learning 
efficiency. Using evidence-based 
approaches to explore the potential 
impact of this practice may result in data 
that leads to incorporation into teaching 
practices. 
• Studies of attention may result in the 
design of techniques and tools for the 
development of attention skills. 
• Development and application of encoding 
skills to improve learning across a range of 
ages, key learning areas and skills. 
• Developing assessment techniques to 
enable progress in learning to be more 
accurately measured. 
• Better understanding learning outside 
formal educational settings and 
examining the relationship between 
formal and informal settings so that there 
is better integration and more effective 
support of lifelong learning. 
• Exploring how individual differences, 
specific environment and emotional 
factors impact on learning and influence 
the development of both learning 
strengths and weaknesses. 
• The role of technology in learning. 
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From an international perspective, the OECD’s Understanding the Brain: The Birth of 
a Learning Science (2007) identified nine priority areas for further educational 
neuroscientific research. These priority areas can be summarised as: 
• Seeking to better understand the optimal time for learning, especially in relation 
to adolescents. 
• Conducting more research into the aging process to better understand the 
interaction between increased knowledge and declined memory and executive 
function. 
• Seeking to better understand the neurobiological of stress and its impact on 
memory and learning 
• Better understanding the impact of context on research application and 
transferability of results. 
• Conducting confirmatory research into the impact of nutrition, sleep, exercise on 
learning. 
• Seeking to better understand the role of social interaction on learning. 
• Seeking to better understand multi-dimensional pathways to competence. 
• Seeking to build up the differentiated map of mathematics and to identify 
approaches to overcome mathematics anxiety. 
• Seeking to understand differences in brain activity for ‘experts’, average learners 
and students with genuine learning problems to identify effective, targeted 
teaching methods that will support successful learning. 
 
The narrow correlation between the PMSEIC’s and OECD’s identifications of future 
educational neuroscientific research, recognises the complexity and size of this field. 
 
Conclusion 
This literature review has explored literature identifying the relationship between 
education and neuroscience. It has identified three themes in addition to the need 
to define key terms. The three themes were discussed in terms of the metaphors of 
a marriage, a mistress and empty nesting.  
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The ‘marriage’ theme included a discussion of the concept of joining neuroscience 
with education as being a ‘bridge too far’ because of a perceived theory-practice 
divide, the existence of communication and language barriers, and the fundamental 
and methodological differences between the disciplines of neuroscience and 
education. This theme also discussed the belief that neuroscience has nothing new 
to add to education. The potential for training hybrid professionals and ways of 
establishing a two-way street between neuroscience with education was explored, 
as were current applications of neuroscience in education and the development of 
useable knowledge.  
 
The ‘mistress’ theme addressed the evolution, prevalence and persistence of 
neuromyths. The responsibility of scientists and teachers to debunk neuromyths was 
discussed and three specific neuromyths were examined. The potential for 
neuromyths to cause harm to education was considered. The concept of neuroethics 
and the seductive allure of the term “neuro” were explored along with the rise of 
“neurodisciplines”.  
 
The ‘empty nesters’ theme explored the gaps in current research, the likelihood of 
and the plans for future research. Recommendations from The Australian Prime 
Minister’s Science, Engineering and Innovation Council (PMSEIC) Independent Expert 
Working Group on Transforming Learning and the Transmission of Knowledge and 
The Organisation for Economic Co-operation and Development (OECD) were 
identified. 
 
Chapter 3 is Workplace Project 1. The purpose of designing the teacher learning 
workshop was to address the gap in teacher knowledge about brain research and its 
implications for adolescent classrooms. It aims to improve teacher knowledge of the 
brain and how it learns through the information processing model and by identifying 
learning tools and pedagogical practices that support adolescent learners and the 
adolescent brain to direct attention, build connections, process new learning, build 
strong memories and engage in effective review and closure. The essential 
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understandings about adolescents are also explored. A summary of teacher 
evaluations is provided, along with the presenter notes and PowerPoint slides. 
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Appendix A 
 
Pedagogical and Curriculum Frameworks 
There are many pedagogical and curriculum frameworks that have developed and 
been applied to teaching and learning. Generally, a framework develops from 
evidence and research and, in the context of teaching and learning, this is generally 
focused on identifying models of teacher practice that have the potential to improve 
student performance and develop successful learners. For example, ‘productive 
pedagogies’ developed out of the research conducted as a part of the Queensland 
School Reform Longitudinal Study (Ladwig, 2007). Frameworks are designed to 
provide a structure around a philosophy of teaching and learning. The model of 
‘authentic pedagogy’ identified by Newmann and Associates in 1996, for example, 
suggests a set of pedagogical standards intended to provide students with the 
opportunity to actively construct their understanding (Ladwig, Smith, Gore, Amosa, 
& Griffiths, 2007). In various parts of the education system in Australia, authentic 
pedagogies (Gore et al., 2001) and the quality teaching model (New South Wales 
Department of Education and Training, 2003a, 2003b) have been used to inform and 
guide teacher practice. The link between these three models is strong. The 
pedagogical pedagogies (Gore et al., 2001) model formed the foundation from which 
the quality teaching model (New South Wales Department of Education and Training, 
2003a, 2003b) developed and authentic pedagogies was extend on this to develop 
productive pedagogies. 
 
In Table 2.7, productive pedagogies are compared to MBE classroom best practices 
collated by Tokuhama-Espinosa. 
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Table 2.7  
Comparison between Productive Pedagogies and MBE 
Dimensions of Productive Pedagogies 
Items and Key Questions 
MBE principles, instruction guidelines and 
practices 
Dimension 1: Intellectual Quality 
This dimension includes: 
• Higher-order Thinking 
• Deep Knowledge 
• Deep Understanding 
• Substantive Conversations 
• Knowledge as Problematic 
• Metalanguage 
 
Key Questions include: 
• Is higher order thinking and critical 
analysis occurring?  
• Does the lesson cover operational 
fields in any depth, detail or level of 
specificity?  
• Do the work and response of the 
students provide evidence of 
understanding of concepts or ideas?  
• Does classroom talk break out of the 
initiate/respond/evaluate pattern and 
lead to sustained dialogue between 
students, and between teachers and 
students?  
• Are students critiquing and second-
guessing texts, ideas and knowledge?  
• Are aspects of language, grammar, and 
technical vocabulary being 
foregrounded? 
Electing the best planning, evaluation and 
activities 
Planning lessons 
• Plan activities that grab attention 
• Plan activities that stimulate memory 
• Plan to use spaced versus massed 
learning moments 
• Plan to incorporate repetition 
 
Evaluation 
• Implement formative evaluation 
• Use product, process and progress 
evaluations 
• Testing to improve learning 
• Develop shared, explicit learning 
objectives 
• Strive for clarity and immediacy 
• Provide feedback for mastery learning 
• Nurture teacher-student relationship 
• Believe in your students and in your 
role as a teacher 
 
Instructional methods 
• Practice and foster metacognition and 
mindfulness 
• Employ Zemelman and colleagues 
“best practice filter” when selecting 
activities 
• Develop students’ ability to identify 
similarities and differences 
• Develop students’ summarising and 
note taking ability 
• Reinforce effort and provide 
recognition 
• Provide purposeful homework and 
practice 
• Prepare students to set personal 
objectives and give themselves 
feedback 
• Teach students to generate and test 
hypotheses 
• Use cues and triggers 
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Dimension 2: Connectedness 
This dimension includes: 
• Knowledge Integration 
• Background Knowledge 
• Connectedness to the World 
• Problem-based Curriculum 
 
Key Questions include: 
• Does the lesson range across diverse 
fields, disciplines and paradigms?  
• Is there an attempt to connect with 
students’ background knowledge?  
• Do lessons and the assigned work have 
any resemblance or connection to real 
life contexts?  
• Is there a focus on identifying and 
solving intellectual and/or real-world 
problems? 
Electing the best planning, evaluation and 
activities 
Planning lessons 
• Take advantage of variation, the 
transdisciplinary, and creativity 
• Plan authentic lessons 
 
Dimension 3: Supportive Classroom 
Environments 
This dimension includes: 
• Student Direction 
• Social Support 
• Academic Engagement 
• Explicit Quality Performance Criteria 
• Self-Regulation 
 
Key Questions include: 
• Do students have any say in the pace, 
direction or outcome of the lesson?  
• Is the classroom a socially supportive, 
positive environment?  
• Are students engaged and on-task?  
• Are criteria for student performance 
made explicit? Self-regulation: Is the 
direction of student behaviour implicit 
and self-regulatory or explicit? 
What could work in the classroom and 
why: getting teachers out of their comfort 
zones 
A teacher’s list of habits 
• Improve self-efficacy 
• Maintain high expectations 
• See learning as fluid 
• Appreciate the roles of affect in learning 
• Take the lead in social cognition 
• Award perseverance and celebrate 
error 
• Motivate 
• Never work harder than your students 
• Be passionate! 
• Design engaging classrooms 
• Manage 
• Use thinking routines 
• Keep abreast of technology and flip the 
classroom 
 
School design choices that impact student 
learning 
• Adjust for ages and stages 
• Improve nutrition 
• Get students out of rows 
• Begin year-round schooling 
• Change the school day 
• Stop using tests as indicators of higher 
thinking 
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Dimension 4: Recognition of Difference 
This dimension includes: 
• Cultural Knowledge 
• Inclusivity 
• Narrative 
• Group Identity 
• Active Citizenship 
 
Key Questions include: 
• Are diverse cultural knowledges 
brought into play?  
• Are deliberate attempts made to 
increase the participation of all 
students of different backgrounds?  
• Is the teaching principally narrative, or 
is it expository?  
• Does teaching build a sense of 
community and identity?  
• Are attempts made to foster active 
citizenship? 
 
 
The descriptions used in the ‘intellectual quality’ dimension of the productive 
pedagogies model implies an intellectual depth not replicated in MBE. For example, 
productive pedagogies describes learning that is high order, classroom talk that is 
sustained and learning that is designed to facilitate the opportunity for students to 
critique ideas of knowledge. In comparison, MBE limits teacher action to three 
specific activities: planning, evaluation and instruction. Describing these as ‘activities’ 
rather than dimensions implies a large difference between the intellectual ‘levels’ of 
teacher practice. MBE describes lesson planning that grabs attention, incorporates 
repetition and spaced learning while being transdisciplinary, creative and authentic 
– three pedagogical ideals that are not defined. Evaluation practices are encouraged 
to be formative, engage in testing rather than assessment and involve sharing 
learning goals and feedback. Instructional methods aim to develop metacognition, 
the ability to identify similarities and differences, develop summarising and note-
taking skills, and use cues and triggers. This is in stark contrast to productive 
pedagogies, which aims to develop higher-order thinking, deep knowledge and 
understanding, to engage in substantive conversations and to correctly develop and 
apply metalanguage. 
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It could be argued that to compare productive pedagogies to MBE at this level is not 
appropriate or valid because the two models are describing two different degrees of 
teacher work. Indeed, productive pedagogies is a three-level hierarchical model that 
moves from overarching dimensions to items that articulate the aspects of each 
dimension to key questions that teachers can use to inform and evaluate practice 
within each dimension. MBE likewise describes levels that move progressively closer 
to the classroom - 5 concepts, 21 principles, 10 instructional guidelines and 50 
classroom best practices. However, there is not the same hierarchical link – not all 
concepts can be matched to principles that add specific detail to better understand 
the concepts, and not all principles can be matched to the instructional guidelines. 
The matches and mismatches are summarised in Tables 2.8 and 2.9.  
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Table 2.8 
Hierarchical Links between MBE Concepts, Principles, Instructional Guidelines and 
Best Practices 
MBE Concepts MBE Principles 
MBE Instructional 
Guidelines 
MBE Best Practices 
• Human brains 
are as unique as 
faces 
• The brain is 
unique and 
uniquely 
organised 
 • Adjust for ages 
and stages 
 
• All brains are not 
equal because 
context and 
ability influence 
learning 
• All brains are 
not equally good 
at everything 
• Good teachers 
understand how 
to manage 
different 
students 
(orchestrates 
immersion) 
 
• The brain is 
changed by 
experience 
• The brain is a 
complex, 
dynamic system 
and is changed 
daily by 
experiences 
• The brain 
depends on 
interactions 
with other 
people to make 
sense of social 
situations 
• Good classroom 
activities take 
advantage of the 
social nature of 
learning 
 
• Incorporate 
problem based 
learning 
• Incorporate 
cooperative 
learning 
• Incorporate 
reciprocal 
teaching 
 
• The brain is 
highly plastic 
• Brains have a 
high degree of 
plasticity and 
develop 
throughout the 
lifespan 
  
• The brain 
connects new 
information to 
old 
 • Good lessons 
consider both 
sense (logical 
order) and 
meaning 
(personal 
relevance) 
• Plan activities 
that stimulate 
memory 
• Plan to 
incorporate 
repetition 
• Develop 
students’ ability 
to identify 
similarities and 
differences 
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Table 2.9 
Unmatched Principles, Instructional Guidelines and Best Practices 
Unmatched MBE Principles 
Unmatched MBE 
Instructional Guidelines 
Unmatched MBE Best 
Practices 
• MBE principles apply to 
all ages 
• The brain seeks novelty 
• The brain conceptually 
processes parts and 
wholes simultaneously 
• The brain remembers 
best when facts and 
skills are embedded in 
natural contexts 
• Learning is a 
constructivist process, 
and the ability to learn 
continues throughout 
the different 
developmental stages  
• The search for meaning 
is innate in human 
nature 
• Learning is based in part 
on the brains ability to 
self-correct. 
• The search for meaning 
occurs though pattern 
recognition. 
• Emotions are critical to 
detecting patterns, to 
decision-making, and to 
learning 
• Learning is enhanced by 
challenge and inhibited 
by threat. 
• Human learning involves 
both focused attention 
and peripheral 
perception 
• Feedback is important 
to learning 
• Learning relies on 
memory and attention 
• Good learning 
environments are made, 
not found. 
• Teaching to different 
memory systems 
enhances recall 
• Well-managed classes 
take advantage of 
natural human attention 
spans 
• Good teachers 
understand the mind-
body connections (sleep, 
nutrition, exercise) 
• Skills are retained better 
when learned through 
active processes 
• Explicit teaching of 
metacognitive skills aids 
higher-order thinking 
across subjects 
• Learning can and does 
take place throughout 
the lifespan 
• Plan activities that grab 
attention 
• Plan to use spaced 
versus massed learning 
moments 
• Take advantage of 
variation, the 
transdisciplinary, and 
creativity 
• Plan authentic lessons 
• Implement formative 
evaluation 
• Use product, process 
and progress 
evaluations 
• Test to improve learning 
• Develop shared, explicit 
learning objectives 
• Strive for clarity and 
immediacy 
• Provide feedback for 
mastery learning 
• Nurture the teacher-
student relationship 
• Believe in your students 
and in your role as a 
teacher 
• Practice and foster 
metacognition and 
mindfulness 
• Employ Zemelman and 
colleagues’ “best 
practice filter” when 
selecting activities 
• Develop students’ 
summarising and note 
taking ability 
• Reinforce effort and 
provide recognition 
• Provide purposeful 
homework and practice 
• Prepare students to set 
personal objectives and 
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give themselves 
feedback 
• Teach students to 
generate and test 
hypotheses 
• Use cues and triggers 
• Use the Socratic 
method 
• Cultivate the art of 
questioning 
• Incorporate case studies 
• Harness the power of 
analogies 
• Implement the 5Es: 
Engage, Explore, 
Explain, Elaborate, 
Evaluate 
• Improve teacher self-
efficacy 
• Maintain high teacher 
expectations 
• See learning as fluid 
• Appreciate the roles of 
affect in learning 
• Take the lead in social 
cognition 
• Award perseverance 
and celebrate error 
• Motivate 
• Never work harder than 
your students 
• Be passionate! 
• Design engaging 
classrooms 
• Manage 
• Use thinking routines 
• Keep abreast of 
technology and flip the 
classroom 
• Improve nutrition 
• Get students out of 
rows 
• Begin year-round 
schooling 
• Change the school day 
• Stop using tests as 
indicators of higher 
thinking 
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The second dimension of the productive pedagogies model recognises the 
importance of knowledge integration, background knowledge, connectedness to the 
world and a problem-based curriculum. This has a limited correlation with the MBE 
perspective that learning should take advantage of variation, transdisciplinary 
connections, engage creativity and should be authentic, which implies a level of 
connectedness and hints at the use of problem-based pedagogies though authentic 
experiences. Again, there is a difference between the intellectual ‘level’ of teacher 
practice in the two models. 
 
Dimension 3 articulates a belief about what constitutes a supportive classroom 
environment and recognises the significant impact that student direction, social 
support, academic engagement, and explicit quality performance criteria and self-
regulation have on student learning outcomes. On the other hand, MBE hints at the 
significance of these aspects by describing that they could have an impact. 
 
Dimension 4 recognises the importance of student difference. It outlines the 
importance of using inclusive practices, acknowledging cultural knowledge, engaging 
in narrative and developing active citizenship to develop a strong and cohesive group 
of learners. Although the MBE instructional guidelines recognise that good teachers 
understand how to manage different students (orchestrating immersion), and its 
concepts and principles acknowledge that human brains are different, the best 
practices do not. Interestingly, it is also this dimension that is not acknowledged in 
the three elements of the quality teaching model that include ‘intellectual quality’, 
‘quality learning environment’ and ‘significance’.  
 
The United Kingdom’s Teaching and Learning Research Program was initiated in 
2000. The program involved 500 researchers across 70 projects (Pollard, 2007). The 
findings of this research were collated in a conceptual framework (see Table 2.10) 
which identifies and summarises enduring educational issues related to educational 
aims, learning contexts, classroom processes and learning outcomes, and describes 
how these are demonstrated in curriculum, pedagogy and assessment. In total, 36 
aspects are identified and as a model may better reflect MBE, which identifies 86 
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concepts, principles, instructional guidelines and classroom best practices, as 
compared to the four dimensions and 20 items of the productive pedagogy model. 
 
Table 2.10  
The United Kingdom’s Teaching and Learning Research Program Conceptual 
Framework 
 
Enduring Issues 
Curricular 
Concepts 
Pedagogy 
Concepts 
Assessment 
Concepts 
ED
U
C
A
TI
O
N
A
L 
A
IM
S 
1. Society's 
educational 
goals  
What vision of 
"education" is 
the provision 
designed to 
achieve? 
Breadth: Does the 
curriculum 
represent 
society’s 
educational 
aspirations for its 
citizens? 
Principle: Is the 
pedagogy 
consistent with 
established 
principles for 
effective teaching 
and learning? 
Congruence: Are 
forms of 
assessment fit for 
purpose in terms 
of overall 
educational 
objectives? 
2. Elements of 
learning  
What 
knowledge, 
concepts, skills, 
values and 
attitudes are to 
be learned in 
formal 
education? 
Balance: Does the 
curriculum-as-
experienced offer 
everything which 
each learner has a 
right to expect? 
Repertoire: Is the 
pedagogic 
expertise 
sufficiently 
creative, skilled 
and wide-ranging 
to teach all 
elements of 
learning? 
Validity: In terms 
of learning, do the 
forms of 
assessment used 
really measure 
what they are 
intended to 
measure? 
LE
A
R
N
IN
G
 C
O
N
TE
X
TS
 
3. Community 
context  
Is the 
educational 
experience 
valued and 
endorsed by 
parents, 
community, 
employers and 
civil society? 
Connection: Does 
the curriculum 
engage with the 
cultural resources 
and funds-of-
knowledge of 
families and the 
community? 
Warrant: Are the 
teaching 
strategies 
evidence-
informed, 
convincing and 
justifiable to 
stakeholders? 
Dependability: 
Are assessment 
processes 
understood and 
accepted as being 
robust and 
reliable? 
4. Institutional 
context  
Does the 
school 
promote a 
common vision 
to extend 
educational 
experiences 
Coherence: Is 
there clarity in the 
purposes, content 
and organisation 
of the curriculum 
and does it 
provide holistic 
learning 
experiences? 
Culture: Does the 
school support 
expansive 
learning by 
affirming learner 
contributions, 
engaging partners 
and providing 
Expectation: Does 
the school 
support high staff 
and student 
expectations and 
aspire for 
excellence? 
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and inspire 
learners? 
attractive 
opportunities? 
C
LA
SS
R
O
O
M
 P
R
A
C
TI
C
ES
 
5. Process for 
learners' social 
needs  
Does the 
educational 
experience 
build on social 
relationships, 
cultural 
understandings 
and learner 
identities? 
Personalisation: 
Does the 
curriculum 
resonate with the 
social and cultural 
needs of diverse 
learners and 
provide 
appropriate 
elements of 
choice? 
Relationships: 
Are teacher-pupil 
relationships 
nurtured as the 
foundation of 
good behaviour, 
mutual wellbeing 
and high 
standards? 
Inclusion: Are all 
learners treated 
respectfully and 
fairly in both 
formal and 
informal 
interaction? 
6. Processes for 
learners' 
affective needs  
Does the 
educational 
experience 
take due 
account of 
learner views, 
feelings and 
characteristics? 
Relevance: Is the 
curriculum 
presented in ways 
which are 
meaningful to 
learners so that it 
can excite their 
imagination? 
Engagement: Do 
the teaching 
strategies, 
classroom 
organisation and 
consultation 
enable learners to 
actively 
participate in and 
enjoy their 
learning?  
Authenticity: Do 
learners recognise 
routine processes 
of assessment 
and feedback as 
being of personal 
value?  
7. Processes for 
learners' 
cognitive 
needs  
Does the 
educational 
experience 
match the 
learner’s 
cognitive 
needs and 
provide 
appropriate 
challenges?  
Differentiation: 
Are curriculum 
tasks and 
activities 
structured 
appropriately to 
match the 
intellectual needs 
of learners?  
Dialogue: Does 
teacher-learner 
talk scaffold 
understanding to 
build on existing 
knowledge and to 
strengthen 
dispositions to 
learn?  
Feedback: Is 
there a routine 
flow of 
constructive, 
specific, 
diagnostic 
feedback from 
teacher to 
learners?  
LE
A
R
N
IN
G
 O
U
TC
O
M
ES
 
8. Outcomes for 
continuing 
learning  
Does the 
educational 
experience 
lead to 
development 
in knowledge, 
concepts, skills 
and attitudes? 
Progression: Does 
the curriculum-as-
delivered provide 
an appropriate 
sequence and 
depth of learning 
experiences? 
Reflection: Is 
classroom 
practice based on 
incremental, 
evidence-
informed and 
collaborative 
improvement 
strategies? 
Development: 
Does formative 
feedback and 
support enable 
learners to 
achieve personal 
learning goals? 
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9. Outcomes for 
certification 
and the life-
course  
Does the 
educational 
experience 
equip learners 
for adult and 
working life, 
and for an 
unknown 
future? 
Effectiveness: Are 
there 
improvements in 
standards, in both 
basic skills and 
other areas of 
curricular 
attainment, to 
satisfy society’s 
educational 
goals? 
Empowerment: Is 
the pedagogic 
repertoire 
successful in 
enhancing 
wellbeing, 
learning 
disposition, 
capabilities and 
agency? 
Consequence: Do 
assessment 
outcomes lead 
towards 
recognised 
qualifications and 
a confident sense 
of personal 
identity? 
(Reflective Teaching, nd) 
 
The similarities between the United Kingdom’s Teaching and Learning Research 
Program Conceptual Framework and MBE are identified and summarised in the 
following table. The format and headings from the conceptual framework are 
maintained.  
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Table 2.11 
Mapping MBE to the United Kingdom’s Teaching and Learning Research Program 
Conceptual Framework 
 ENDURING 
ISSUES 
CURRICULAR 
CONCEPTS 
PEDAGOGY 
CONCEPTS 
ASSESSMENT 
CONCEPTS 
ED
U
C
A
TI
O
N
A
L 
A
IM
S 
1. Society's 
educational 
goals  
 
Breadth  Principle  
• Plan activities 
that grab 
attention 
• Plan activities 
that stimulate 
memory 
• Plan to use 
spaced versus 
massed 
learning 
moments 
• Plan to 
incorporate 
repetition 
Congruence  
2. Elements of 
learning  
Balance  Repertoire  Validity  
LE
A
R
N
IN
G
 C
O
N
TE
X
TS
 
3. Community 
context  
Connection  Warrant  Dependability  
4. Institutional 
context  
 
Coherence  
• Develop 
shared, 
explicit 
learning 
objectives 
• Strive for 
clarity and 
immediacy 
Culture   Expectation  
• Maintain high 
expectations 
C
LA
SS
R
O
O
M
 P
R
A
C
TI
C
ES
 
5. Process for 
learners' 
social needs  
 
Personalisation  Relationships  
• Nurture 
teacher-
student 
relationship 
• Believe in 
your students 
and in your 
role as a 
teacher 
Inclusion  
6. Processes for 
learners' 
affective 
needs 
Relevance  
• Take 
advantage of 
variation, the  
trans-
Engagement  
• Incorporate 
Problem 
Based 
Learning 
Authenticity  
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disciplinary 
and creativity 
• Plan authentic 
lessons 
 
• Incorporate 
cooperative 
learning 
• Incorporate 
reciprocal 
teaching 
• Incorporate 
case studies 
• Methods for 
all subjects 
and all ages 
• Harness the 
power of 
analogies 
• Implement 
the 5Es: 
Engage, 
Explore, 
Explain, 
Elaborate, 
Evaluate 
• Design 
engaging 
classrooms 
7. Processes for 
learners’ 
cognitive 
needs 
• Provide 
feedback for 
mastery 
learning 
Differentiation  
• Adjust for 
ages and 
stages  
Dialogue  Feedback   
• Provide 
feedback for 
mastery 
learning 
• Prepare 
students to 
set personal 
objectives and 
give 
themselves 
feedback 
LE
A
R
N
IN
G
 O
U
TC
O
M
ES
 
8. Outcomes for 
continuing 
improvement
s in learning 
• Use product, 
process and 
progress 
evaluations 
Progression  Reflection  Development 
• Implement 
formative 
evaluation 
9. Outcomes for 
certification 
and the life-
course 
• Keep abreast 
of technology 
Effectiveness  Empowerment 
• Reinforce 
effort and 
provide 
recognition 
• Award 
perseverance 
Consequence  
SCHOLARLY PAPER 1 
101 
and flip the 
classroom  
• Develop 
student’s 
ability to 
identify 
similarities 
and 
differences 
• Develop 
student’s 
summarising 
and note 
taking ability 
and celebrate 
error 
• Improve self-
efficacy 
• Provide 
purposeful 
homework 
and practice 
• Motivate 
• Practise and 
foster 
metacognitio
n and 
mindfulness 
 
This conceptual framework has a greater correlation to the MBE best practices than 
productive pedagogies, with the greatest correlation being with classroom process 
and learning outcomes.  
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Appendix B 
 
Summarising the Relationship between Learning Principles, Capacities of Learning 
and Critical Elements 
 
The first foundational element: Relaxed alertness 
Principle 1: The brain/mind is social 
Learning Capacity: All students can learn more effectively when their social 
nature and need for relationship are engaged and honoured. 
Principle 3: The search for meaning is innate  
Learning Capacity: All students can learn more effectively when their 
interests and ideas are engaged and honoured. 
Principle 5: Emotions are critical to patterning  
Learning Capacity: All students can learn more effectively when appropriate 
emotions are elicited by their experience. 
Principle 11: Complex learning is enhanced by challenge and inhibited by threat 
associated with helplessness 
Learning Capacity: All students can learn more effectively in a supportive, 
empowering and challenging environment. 
 
The second foundational element: Orchestrated immersion in complex experience 
Principle 1: All learning is physiological 
 Learning Capacity: All students can learn more effectively when involved in 
experiences that naturally call on the use of their senses, action, movement, and 
decision making. 
Principle 4: The search for meaning occurs through "patterning"  
Learning Capacity: All students increase learning when new patterns are 
linked to what they already understand. 
Principle 6: The mind/brain processes parts and wholes simultaneously 
Learning Capacity: All students can learn more effectively when their 
experience gives them a sense of the whole that links the details (facts and 
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information). Albert Einstein speaks of the limitations of identifying only with 
the parts. 
Principle 10: Learning is developmental  
Learning Capacity: All students can learn more effectively if individual 
differences in maturation and development are taken into consideration. 
 
The third foundational element: Active processing of experience 
Principle 7: Learning involves both focused attention and peripheral perception  
Learning Capacity: All students can learn more effectively when their 
attention is deepened and multiple layers of the context are used to support 
learning. 
Principle 8: Learning always involves conscious and unconscious processes  
Learning Capacity: All students can learn more effectively when given time to 
reflect and acknowledge their own learning. 
Principle 9: We have at least two approaches to memory: archiving isolated facts and 
skills or making sense of experience  
Learning Capacity: All students can learn more effectively when taught 
through experiences that engage multiple ways to remember. 
Principle 12: Each brain is uniquely organised 
Learning Capacity: All students can learn more effectively when their unique 
individual talents, abilities and capabilities are engaged. 
(Adapted from Caine et al., 2009, various pages) 
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Appendix C 
 
How Neuroscience Core Concepts Inform Teaching and Learning 
 
Table 2.12 
How Neuroscience Core Concepts Inform Teaching and Learning 
Core Concept General Implications for Teaching and Learning 
1. The brain is the body’s 
most complex organ. 
The complexity of an organism’s nervous system dictates 
the range of its behaviours. For Science teaching, simpler 
nervous systems from model organisms provide 
opportunities to study how nervous systems work. 
2. Neurons communicate 
using both electrical and 
chemical signals. 
The plasticity of chemical synaptic transmission provides 
a cellular basis for learning and memory. Communication 
between neurons is strengthened or weakened by 
patterns of use. All perceptions, thoughts, and 
behaviours result from combinations of signals among 
neurons. 
3. Genetically determined 
circuits are the foundation of 
the nervous system. 
Wiring of the brain is remarkably similar among 
individuals within a species. Individual variations at the 
synaptic level account for our individuality. 
4. Life experiences change 
the nervous system. 
Learned experiences grow new synapses and circuits and 
turn on nervous system genes, facilitating additional 
learning. Mental challenges are important for brain 
function. An individual’s regular and novel activities, such 
as exercise, learning, stress, social interactions, and drug 
use, all affect synaptic strength. The salience of an event, 
content piece or experience will determine its retention. 
Learners come to the classroom with different prior 
knowledge based upon their culturally learned 
experiences. 
5. Intelligence arises as the 
brain reasons, plans, and 
solves problems. 
The brain is the foundation of the mind. Intelligence in all 
domains reflects the accumulated history of synaptic 
activation among the multiple brain pathways involved. 
In other words, practising creative or deductive thinking 
facilitates further use of these strategies. 
6. The brain makes it 
possible to communicate 
knowledge through 
language. 
Promoting effective communication fosters information 
exchange and creative thought and enhances these skills 
through exercising appropriate neural pathways. 
7. The human brain endows 
us with a natural curiosity to 
understand how the world 
works. 
The brain tries to make sense of all incoming sensory 
information and recognises conflicts, creating predictions 
and expectations that guide behaviours. Harnessing 
natural curiosity of young learners engages and 
motivates them in the innate process of exploring their 
environment. 
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8. Fundamental discoveries 
promote healthy living and 
treatment of disease. 
Application of the knowledge acquired from research will 
empower students to make healthy lifestyle and social 
choices and prevent diseases. 
(Society for Neuroscience (2008) in Dubinsky et al., 2013, p. 318)  
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Appendix D 
 
Neuroscience Learning Concepts Relevant to the Education Community 
 
Table 2.13 
Neuroscience Learning Concepts Relevant to the Education Community 
Neuroscience Learning Concept 
Connection to the Eight 
Neuroscience Core 
Concepts from Appendix C 
Learning strengthens a set of electrical and chemical 
events at the level of individual neurons that, over time, 
result in functional associations distributed throughout 
the brain. The act of remembering opens this synaptic set 
for further plasticity. 
Core Concepts 2 and 4 
Behaviours, thoughts, and memories result from 
activation of different sets of associated synapses and 
neural pathways. Partial activation of a synaptic set 
subserving a specific memory can result in reconstruction 
of that memory with reasonable but variable fidelity. 
Core Concepts 1–6 
Synaptic pathways are loosely grouped into sensory, 
motor, emotive, homeostatic, attentional, and decision-
making systems, among others, within the central 
nervous system. 
Core Concepts 3, 5, and 7 
Experiences during early childhood development in 
conjunction with genetically determined development 
shape these pathways. They continue to change 
throughout life in response to every interaction. Mastery 
involves changing the brain system used for executing a 
task from deliberative to automatic through rehearsal, 
application, and self-evaluation. 
Core Concepts 3 and 4 
Repeated behaviours or salient experiences influence 
synaptic and circuit development more than single or 
irrelevant ones. Only experiences with an emotional 
stamp become committed to memory; decisions require 
operational emotional circuits. 
Core Concepts 2–5 
Because there are so many neurons (>100,000,000,000) 
and so many more synapses (~1,000,000,000,000,000) in 
the human brain, the activation patterns producing 
similar behaviours in different brains can be largely 
comparable yet decidedly unique and individual. 
Core Concepts 1, 2, and 4 
Physiological status, e.g., nutritional and hormonal state, 
stress, availability of oxygen at high altitudes, and 
adequate sleep, will influence one’s ability to learn, 
remember, and make appropriate decisions. Emotional 
status implies a specific physiological state. 
Core Concepts 3 and 4 
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The complexity of the nervous system endows us with 
powerful reasoning and communication skills and 
curiosity about ourselves and our environment. 
Structured learning environments provide opportunities 
for building these skill sets. 
Core Concepts 5–8 
(Dubinsky et al., 2013, p. 319) 
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CHAPTER 3 – WORKPLACE PROJECT 1 - ‘CRAZY BY DESIGN’ WORKSHOP 
PACKAGE 
 
Chapter 2 examined some of the arguments around neuroscience’s application to 
education and whether this is still ‘a bridge too far’. Teaching is the only profession 
that has a responsibility to daily change the human brain (Sousa, 2006). To be 
effective in achieving this goal, teachers have a professional obligation to know how 
the brain works, to be neuroliterate and to develop an understanding of the 
application of brain research to their classroom. From this viewpoint, neuroscience 
does have application to education.  
 
This chapter identifies the useable knowledge for teachers from brain research and 
presents it as a teacher learning workshop. The complete workshop package was 
piloted at PHS in 2012. The workshop package developed for this research includes 
PowerPoint slides, presenter notes and a Pedagogical Practices and Learning Tools 
Handbook for participants. This package is supported by brain research which 
underpins the content of the PowerPoint slides and links to the presenter notes. It 
introduces brain research in the context of the adolescent mainstream classroom, 
aims to increase teacher knowledge of current brain research and deepen teacher 
understanding of the connection between brain research, the adolescent learner and 
the mainstream adolescent learning environment. A summary of the impact of this 
teacher learning, in the form of participant evaluations, is also provided. The package 
provides an opportunity for teachers to explore the research, extend their 
knowledge, understandings and skills, and support a focus on application to practice 
within the context of adolescent mainstream classrooms. 
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Workplace Project 1 links with other phases of this research by translating aspects of 
the theory, literature and research about adolescent brain research. It establishes 
the research foundation for teacher research (Chapter 6) and specifically the action 
research1 project conducted at PHS described in Chapter 5. It is informed by best 
practices in teacher learning described in Chapter 4. 
 
This chapter is divided into four sections which describe different aspects of 
Workplace Project 1. Section 1 identifies and organises the key messages for teachers 
from the brain research. The content is selected for its application to the adolescent 
mainstream education context. This section provides the research foundation for the 
PowerPoint presentation and is organised around three broad ideas. The workshop 
starts by developing teacher neuroliteracy and an understanding of the brain, its 
basic structure and function. It then explores the various stages of information 
processing and concludes by examining the essential understandings of adolescence. 
Section 2 comprises the workshop PowerPoint slides and presenter’s notes. Section 
3 includes a summary of the evaluations of the workshop conducted in 2012 at PHS 
and Section 4 is the ‘Crazy by Design’ Pedagogical Practices and Learning Tools 
Handbook developed to support teachers in translating workshop learning into 
teacher practice in classrooms. 
 
The version of the learning package presented in this chapter evolved through 
several trials. I would like to thank and acknowledge: 
• The beginning teachers who participated in the Newly Appointed Early Career 
Teachers Welcome and Orientation to the Region Workshop.  
• The teachers who participated in the Reading for Understanding in the Middle 
Years Action Research Curriculum Project.   
• Stage 3 – 5 teacher participants from the ‘Crazy by Design’: Brain Research and 
its Implications for Teaching Adolescents Workshop.  
• Participants from Brown High School, Black High School, Yellow Public School, 
Green Public School and Red Park Primary Schools. 
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• Consultants from the Regional Curriculum and Leadership Portfolio for their 
thoughtful feedback which informed the development of this workshop. 
 
Their feedback reinforced that the learning provided within this workshop had 
practical application to classrooms.  
 
‘Crazy by Design’ - A Teacher Learning Workshop Conducted at PHS 
This research-informed teacher learning workshop and the associated package of 
workshop materials has been designed to inform teachers about brain research and 
its implication for teaching adolescents in mainstream classrooms. During its 
development, the teacher learning package has been trialled, and evaluated by, 
schools within regional curriculum projects and with a regional curriculum 
consultancy team from the NSW Department of Education. The workshop package 
has been registered with the NSW Institute of Teachers (NSWIT)2 and has three parts: 
 
The Brain 101 … for Teachers  
This first section of the workshop explores the macro-geography, vocabulary, 
structure and function of the brain from a teacher’s perspective. It has been designed 
to build a basic neuroliteracy of the brain and brain research so that participants can 
critically view brain research in the future. 
 
How the Brain Learns – The Information Processing Model 
This second section of the workshop explores the information processing model to 
build teacher knowledge and understanding of each phase of learning (Sousa, 2006). 
This part of the workshop also provides teachers with hands-on examples and 
practical teaching ideas. It explores some of the pedagogical practices and learning 
tools that are supported by brain research in the areas of attention, building 
connections, processing new learning, memory, review and closure.  
 
Essential Understandings of Adolescence 
The final part of the workshop builds teacher knowledge and understanding of some 
‘essential understandings’ for adolescence and the connections to, and potential 
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impacts these understandings have on, the educational environment and learning 
experiences of adolescents. It explores ways in which teachers can manage some of 
the common and problematic adolescent behaviours in proactive ways to support 
positive educational experiences for adolescent learners. 
 
The ‘Crazy by Design’ Teacher Learning Workshop aims to increase teacher 
knowledge of current brain research and deepen teacher understanding of the 
connection between brain research, the adolescent learner and the adolescent 
learning environment. For this reason, throughout various sections of the workshop, 
connections will be drawn between what the research suggests about how the brain 
learns, how adolescent brain development impacts on learning, and pedagogical 
practices and learning tools. Although a straight line does not connect the brain 
research with explicitly stated learning tools and pedagogical practices, neuroscience 
can explain why some traditional and current practices are effective and why some 
are not. This has the potential to provide teachers with a better understanding of 
how some instructional practices can better support adolescent learning. Teacher 
learning commenced within the workshop is extended through the provision of a 
comprehensive participant’s handbook of pedagogical practices and learning tools. 
 
Organisation of this Teacher Learning Workshop Package 
This workplace project provides teacher learning about brain research in the context 
of the adolescent mainstream classroom. It combines two broad and related 
concepts: what neuroscience can tell teachers about the brain and how the brain 
learns, and what neuroscience can tell teachers about adolescents.  
 
This workplace package commences with a review of the literature. It outlines what 
the brain research has discovered about the basic structure and function of the brain 
and describes how the brain learns. It then discusses what I have termed ‘essential 
understandings of adolescence’. This paper is organised in three broad sections. 
These correspond with the organisation of the teacher learning workshop: the brain, 
how the brain learns and essential understandings of adolescence. The workshop 
PowerPoint slides and presenter notes follow the literature review. Next, a collation 
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of participant evaluations is provided, along with a copy of the Pedagogical Practices 
and Learning Tools Participant Handbook. An outline of the development of the 
‘Crazy by Design’ Teacher Learning Workshop and sample flyers for teacher learning 
events are included along with selected pages from the registration document. 
  
Background Research 
The material presented in this section includes the background research and 
presenter notes for the PowerPoint slides of the ‘Crazy by Design’ Teacher Learning 
Workshop. The PowerPoint slides are included later in this chapter. Where there is 
information in addition to this research, such as instructions for workshop activities, 
it is incorporated as notations with the PowerPoint slides. 
 
The Brain 101 … for Teachers (PowerPoint slide 15) 
This part of the workshop provides a basic introduction to the structure and function 
of the brain and the essential components of neuroanatomy, including neurons, 
dendrites and axons, the four lobes and the limbic system. This summary has been 
collated for teachers and therefore is focussed on knowledge to inform teaching and 
learning. To facilitate this, many of the references used are resources designed for 
teachers. Basic knowledge and an understanding of the language of brain research 
are needed to understand how the brain processes information and to appreciate 
the essential understandings of adolescence. Teachers do not need to become 
scientists, but it can be useful to develop a basic literacy about the structure and 
function of the brain (Wolfe, 2011) and what it can tell us about learning. With this 
knowledge, teachers may be better able to answer educational questions, solve 
educational problems, be more analytical in approaching brain research, and better 
manage the learning environment to improve the educational experience of 
students. In this way, they can become informed and skilled ‘brain changers’ (Sousa, 
2015). 
 
The brain (PowerPoint slide 17). The adult human brain is wet, fragile and weighs a 
little over 1.4kg. It is about the size of a grapefruit and is wrinkled like a walnut. It is 
small enough to hold in your palm or cupped hand. Its general texture is about the 
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same as soft butter, but some parts are as fragile as raw eggs. A normal living brain 
is pink-beige in colour and soft enough to be cut with a butter knife. The brain is the 
only organ in the body that changes because of its experience with the world. The 
brain contributes about two percent to body weight and reaches approximately 90% 
of its adult size by age six. By adolescence, a human will have a full-sized, but not 
adult, brain. The brain’s main job is to help its owner survive3 (Giedd, 2004; 
Greenfield, 1997; Hardiman, 2003; E. Jensen, 2008; Ling, 2001; Schenck, 2011; Sousa, 
2006; Weinberger, Elvevag, & Giedd, 2005; Wolfe, 2011; XLNTbrain Sport, 2015). 
 
The plastic brain (PowerPoint slide 18). Most authors agree that the human brain is 
constantly changing with connections being strengthened or deleted based on a use-
it-or-lose-it principle. ‘Neuroplasticity’ refers to changes that occur because of 
specific experiences. The brain does not function in isolation. The environment 
within which the brain exists and functions changes it. The capacity of the brain to 
change, and adapt with learning, is known as ‘plasticity’ (Begley, 2009; Doidge, 2007; 
Dweck, 2012; Feinstein, 2009; E. Jensen, 2006, 2008; Payne, 2010; Sousa, 2006; 
Strauch, 2003; Wolfe, 2011).  
 
Building the brain (PowerPoint slide 21). A baby is born with the 100 billion neurons 
needed for a typically functioning adult brain (Graham, 2011). Development of the 
brain commences at the time of conception and involves the over proliferation of 
neuron development during the first seven months in utero, and the genetically 
programmed pruning of neurons in the last two months (Graham, 2011) prior to 
birth.  
 
Brain cells (PowerPoint slide 22). The brain is composed of about 100 billion cells. 
Nerve cells are called neurons and represent about one-tenth of the total 100 billion 
cells. However, most of the cells are glial (Greek for ‘glue’) cells that hold the neurons 
together and act as filters of harmful substances (Graham, 2011; Hardiman, 2003; 
Hill, 2001; Sousa, 2006).  
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Neurons (PowerPoint slide 24). Neurons are the basic units of the brain. About 30,000 
neurons fit into a space the size of a pinhead and a single cubic millimetre of brain 
tissue has over one million neurons. The neurons in a cubic centimetre of brain tissue 
would extend approximately 650 kilometres if spread out in one line. Neurons have 
special properties that allow them to receive and send information, encoded as 
patterns of electrical and chemical activity and exist in different sizes and shapes, 
depending on their specific function. Regardless of their shape, neurons have a soma 
which contains the cell’s nucleus, short projections called dendrites (from the Greek 
word for tree, ‘dendra’), and a single axon, usually covered with myelin. The axon is 
the transmitting end of the neuron and the dendrite is the receiving end. A single 
neuron may connect with 1,000 to 10,000 other cells and can transmit hundreds of 
impulses per second. The electrical impulses occur because of the movement of ions 
(charged atoms) inside the membrane of the neuron, which has a very slight negative 
charge. The encoded electrical impulse is called an action potential. This action 
potential spreads down the axon. The impulse only moves in one direction and the 
speed at which it moves depends on the diameter of the axon and whether it has 
been myelinated. Impulses can travel at speeds up to between 320 and 350 
kilometres per hour. The electricity generated by the billions of neurons in the human 
brain is measured by an electroencephalogram (EEG) (Getz, 2014; E. Jensen, 2005, 
2008; Schenck, 2011; Sousa, 2006; Sprenger, 1999; Sylwester, 1995; Wolfe, 2001).  
 
Glial cells (PowerPoint slide 26). The other cells in the brain are called glial cells. These 
make up about 90% of the brain. Glial cells are nursemaid cells. They make up the 
blood-brain barrier. They wrap themselves around axons in a white fatty tissue called 
myelin. They carry away waste from the brain. Glial cells grow in response to how 
many connections are made between neurons. The more the brain is used, the more 
glial cells are needed and will develop. The increase in the size and weight of the 
brain from birth to adult size is due to a growth in connections, a growth of glial cells, 
and a growth of myelin (Abbott, Rönnbäck, & Hansson, 2006; Craik & Bialystok, 2006; 
Griffing, 2002; E. Jensen, 2008; Kettenmann, 2007; Middleton, 2003; Nevills, 2014; 
Sprenger, 1999; Wolfe, 2001, 2010b).  
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A synapse (PowerPoint slide 27). The point of contact between dendrites and axons 
is highly specialised and is known as a synapse. A synapse is an infinitesimal gap 
between the sending axon and the receiving dendrite. This gap is believed to be 
about 50 microns wide. Once an action potential reaches a synapse, there is a release 
of chemicals called neurotransmitters. Scientists have identified more than 50 
neurotransmitters. Neurotransmitters cross the small space between the axon and 
dendrite, bind to special receptors on the dendritic side of the synapse, and create 
electrical potentials in the receiving dendrites. The dendrite then converts this 
chemical signal back into an electrical signal and the message continues through the 
next neuron. Sousa (2006) reports that there have been recent studies of people of 
different occupations that show a correlation between the complexity of the skills 
demanded of their occupation and the number of dendrites found on neurons. 
However, specific identifying details of studies are not provided. Increased numbers 
of dendrites allow for more connections and more sites in which to store learning 
(Hardiman, 2003; E. Jensen, 2008; Lodish et al., 2000; National Institute of Health, 
2010; Schenck, 2011; Sousa, 2006; Sylwester, 1995, 2005; Wolfe, 2001). 
 
Myelin (PowerPoint slide 28). Myelin is a white fatty substance that wraps around 
well-used axons and can be found around all axons to some degree. Wolfe (2001), on 
the other hand, suggests that only some axons are myelinated. The myelin sheath 
insulates the axon from the other cells and increases the speed of impulse 
transmission that travels at between 320 and 350 kilometres per hour. Before a 
neuron is myelinated, it is said to be immature. Cells are myelinated in what appears 
to be a genetically pre-set pattern. The neurons that are needed for survival will 
myelinate first. Babies are born with some cells already myelinated. The cells that are 
myelinated at the time of birth are those that are immediately required for survival 
(e.g. those needed for breathing and sucking) (Feinstein, 2004, 2009; Hardiman, 
2003; E. Jensen, 2008; Koehler, 2003; Sousa, 2006; Stiles & Jernigan, 2010; Strauch, 
2003; Sylwester, 1995; Walsh, 2004; Wolfe, 2001, 2010a).  
 
From birth until about 18 months, the new brain is learning an enormous amount. It 
is adding many connections and growing in weight because of these new 
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connections. As new connections are made and then strengthened by repeated use, 
they become permanent. To maintain efficiency, the brain myelinates these 
connections. At about two years of age, and again during adolescence, the brain has 
an oversupply of connections, networks and pathways. Some of these synaptic 
networks are inefficient. Some are no longer used. Because of this, the brain is 
cluttered and inefficient. Neurons must have a purpose to survive and without a 
purpose, neurons die through a process called apoptosis (from a Greek word 
meaning “falling off”). Apoptosis is a programmed cell death. Feinstein (2009) reports 
that about 15% of synaptic connections shrivel and die during adolescence. This 
increases the brain’s efficiency as redundancy is reduced. Apoptosis eliminates 
weaker synaptic contacts, while stronger connections are kept and strengthened 
using a use-it-or-lose-it system. During the process of apoptosis, neurons that are not 
frequently or recently used or do not receive or transmit information, become 
damaged and die (Alberts et al., 2002; Elmore, 2007; Feinstein, 2009; Koehler, 2003; 
Pain, 2012; Payne, 2010; Strauch, 2003). Not all scholars believe the use-it-or-lose-it 
concept is supported by research, describing it as a misrepresentation spread by a 
fixated media, brain enthusiasts and the public (Bruer, 2002). 
 
Specialised cells called macrophages (which literally means 'big eater') remove the 
cell debris. This is essentially a process of synaptic pruning, or ‘neural Darwinism’,  as 
Nobel Prize winning neuroscientist Edelman (1987) has described it, which allows the 
brain to adapt itself to its environment. It is the brain’s plasticity that enables this 
process. During adolescence, every part of the brain is pruned (Feinstein, 2004, 2009; 
Hardiman, 2003; McDougal, 2016; Walsh, 2004) . 
 
The male and female brain (PowerPoint slide 30). Male and female brains are mostly 
the same. However, there are some structural differences. For example, male brains 
have a higher percentage of grey matter in the left hemisphere than female brains, 
but female brains have a larger and thicker corpus callosum. Although there are 
differences in specific skills (i.e. more females perform better on tests of perceptual 
speed and with precision manual tasks, and more males perform better on spatial 
tasks and target-directed motor skills) there is no significant difference in overall 
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performance (Mareschal, Butterworth, & Tolmie, 2013; Sousa, 2006) or cognitive 
ability and neither gender is more intelligent than the other. “No causal link has ever 
been established between gender-based variations in brain development and the 
cognitive abilities of females versus males” (F. Jensen & Nutt, 2015, p. 234). It is 
important for teachers to understand that there is not a significant gender-based 
difference to performance potential or to actual achievement. This means that 
teachers should apply learning tools and pedagogical practices to ensure positive 
learning experiences for all students (Bellert & Graham, 2013; Feinstein, 2004, 2009, 
2007; Geake, 2009; E. Jensen, 2008; F. Jensen & Nutt, 2015; OECD, 2007; Sousa, 2006; 
Strauch, 2003). 
 
The brainstem (PowerPoint slide 31). The brainstem is described as the 
evolutionarily oldest (Wolfe, 2001) and deepest part of the brain. The brain stem 
connects the brain to the spinal cord. It is in the brainstem that vital body functions, 
such as heartbeat, respiration, body temperature and digestion, are monitored and 
controlled. Because the brain cannot give its full attention to all bits of data at once 
it has evolved a system for screening data to determine its importance to the 
organism’s survival. This system is the Reticular Activating System which is in the 
brain stem.  
 
The cerebellum (PowerPoint slide 32). The cerebellum or ‘little brain’ is a two-
hemisphere structure located right behind the brainstem and just below the rear part 
of the cerebrum. The cerebellum accounts for about 11% of the brain’s weight (E. 
Jensen, 2008; Sousa, 2006; Wolfe, 2001) and with over 40 million nerve fibres this 
structure may be the most complex part of the brain. Coordinated movements and 
tasks, such as typing a word on a keyboard, are controlled by the cerebellum. With 
repeated practice, movements can require less conscious thought as they become 
more automatic. Eventually, the cerebellum takes over control, leaving the conscious 
mind free to perform and think about other things and therefore expand ‘cognitive 
scope’. It has been suggested that the cerebellum may store the memory of 
automated movements. Sousa (2006) reports there are recent studies that suggest 
the cerebellum may act as a support structure in cognitive processing by coordinating 
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and fine-tuning thoughts, emotions, senses (especially touch), and memories. 
However, no details of these studies are available for verification (E. Jensen, 2008; 
Sousa, 2006; Wolfe, 2001). 
 
The cerebrum (PowerPoint slide 33). The cerebrum makes up approximately 80%  
(Crawford, 2007; Hardiman, 2003) of the total mass of the brain and is covered by a 
tough laminated cortex. Its basic structure includes: 
• A large fissure that travels from front to back and divides the cerebrum into two 
halves called hemispheres. 
• Two hemispheres connected by a thick cable of over 250 million nerve fibres 
called the corpus callosum (Latin for ‘large body’). The two hemispheres use this 
bridge to communicate with each other and coordinate activities. 
• Nerves from the left-hand side of the body crossing to the right hemisphere, 
and those from the right crossing over to the left. 
 
The cortex (PowerPoint slide 34). The cortex, which is Latin for ‘bark’ is about 
2.54mm thick. The cortex is composed of six layers of cells arranged in vertical 
columns of neurons, each about the thickness of a thin sewing needle. Each mini-
column is specialised to process a very specific unit of information. If the wrinkled, 
pale grey cortex were taken off the brain and stretched flat, it would be 
approximately equivalent to the size of a pillowcase, a large dinner napkin, or a large 
pizza (Hardiman, 2003). The cortex wrinkles are formed as it is pushed and folded to 
fit inside a human skull. This outside layer of the cortex is made up of ‘grey matter’ 
(Crawford, 2007; Hardiman, 2003; Schenck, 2011; Sousa, 2006; Stiles & Jernigan, 
2010; Strauch, 2003; Sylwester, 1995; Wolfe, 2001). 
 
Grey matter and white matter (PowerPoint slide 34). The tissue of the brain can be 
divided into two types, grey and white matter. These tissues grow and mature at 
different rates. Grey matter looks grey to the naked eye. It is composed of neuron 
cell bodies, dendrites and glial cells. Grey matter is essentially the brain’s processing 
centre. White matter looks white to the naked eye and is made up of the axon portion 
of the cells, wrapped in myelin, which is a white, fatty substance and is the reason 
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why white matter looks white. White matter is responsible for transporting 
information from one part of the brain to another (BBC, 2001; Howard, 2006; OECD, 
2007; Pappas, 2010; Paus, 2010; Paus, Pesaresi, & French, 2014; Radiological Society 
of North America, 2014; Spinal Hub Collaborators, 2016).  
 
The lobes (PowerPoint slide 35-41). Although each brain is unique, several of the 
major ridges (gyri) and folds (sulci) are universal to all brains. These folds form a set 
of four lobes in each hemisphere. Each lobe tends to specialise for certain functions. 
The four lobes are named the ‘frontal lobe’, the ‘temporal lobe’, the ‘occipital lobe’ 
and the ‘parietal lobe’ (Crawford, 2007; Getz, 2014; Hardiman, 2003; E. Jensen, 2008; 
Schenck, 2011; Sousa, 2006; Stiles & Jernigan, 2010; Wolfe, 2001).  
 
The frontal lobes make up the largest portion of the cortex and perform the most 
complex functions. They are positioned at the front of the brain. The area of the 
frontal lobe just behind the forehead is the prefrontal cortex. The frontal lobes are 
responsible for all high level, conscious thinking, planning, problem-solving and 
rational decision-making. They are also responsible for human cognition and 
consciousness. Through the use of brain imaging technologies, neuroscientists have 
discovered that at about age 10, the frontal lobes undergo a wave of reorganisation 
and growth and “it is not until about age 25 that humans’ prefrontal cortex’s mature 
and have the capacity to make sound judgements and is fully developed” (Inlay, 2005, 
p. 41). The prefrontal cortex is the last part of the brain to be myelinated during the 
maturation process. It is this discovery that has set the upper limit of adolescence at 
the age of approximately 25 years. It is also the explanation for why some 
adolescents are prone to be highly charged emotionally and provides an explanation 
for why some adolescents misinterpret communication cues and emotions 
(Crawford, 2007; Hardiman, 2003; Inlay, 2005; Schenck, 2011; Sousa, 2006; Wolfe, 
2001). 
 
The temporal lobes are positioned above the ears and are responsible for dealing 
with sound and music. They also play a role in face and object recognition. The 
occipital lobes are responsible for visual processing and are found at the back of the 
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brain. The occipital lobes process information about objects, colours, motion, and 
distance, and the temporal lobes connect this information with experience and 
memories to ensure new learning is retained for future use. The parietal lobes are 
found near the top of the brain and deal mainly with spatial orientation, calculation 
and certain types of recognition (Crawford, 2007; Getz, 2014; Hardiman, 2003; 
Schenck, 2011; Sousa, 2006; Wolfe, 2001).  
 
The limbic system (PowerPoint slide 43). The limbic system is the central part of the 
brain. Its role is to shield and process emotion (Sylwester, 1995). There are four parts 
of the limbic system - the thalamus, the hypothalamus, the hippocampus and the 
amygdala.  
 
Thalamus and hypothalamus (PowerPoint slide 44 and 45). The thalamus is located 
deep in the brain, just above the brainstem. The walnut-sized thalamus and adjoining 
olive-sized hypothalamus assist in regulating emotions and ensuring safety. The 
thalamus acts as a relay station managing the transfer of information between the 
sense organs and the cortex. Nearly all sensory input travels first to the thalamus, 
where data are sorted and sent to the cortex. The thalamus therefore acts to tell the 
brain what is happening outside our body. The hypothalamus sits below the thalamus 
and monitors the internal regulatory systems, and so informs our brains about what 
is happening inside our bodies. The hypothalamus plays an essential role for survival. 
It is this organ that controls the body’s fight-or-flight response (Hardiman, 2003; 
Sousa, 2006; Sylwester, 1995; Wolfe, 2001).  
 
Hippocampus (PowerPoint slide 46). The hippocampus is located near the base of the 
limbic area. The hippocampus is associated with the immediate past and deals with 
facts, details and rote memory. It has a significant role in consolidating learning and 
in converting information from working memory to long-term storage. In order to do 
this the memory must make sense and have meaning (Hardiman, 2003; Sousa, 2006; 
Wolfe, 2001).  
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The previously accepted scientific belief was that neurons do not regenerate 
themselves. However, scientists have recently discovered that adults can grow 
neurons and that neuronal regeneration takes place in the hippocampus (Bailey, 
2016; Growdon, 2009; Howard-Jones, 2010; Kempermann & Gage, 1999), specifically 
in the subgranular zone (Eriksson et al., 1998; Jin et al., 2004), the subventricular zone 
(Alvarez-Buylla & Garcıá-Verdugo, 2002; Ernst & Frisén, 2015; Jin et al., 2004) and 
more recently, in the olfactory bulb (Ernst & Frisén, 2015). Neuronal stem cells, which 
can divide and differentiate to become either neurons or glial cells, are produced in 
an area of the hippocampus called the subgranular zone (Gonzalez-Perez, 2012). The 
rate at which neurons are produced is dependent on neural stem cell proliferation 
(replication of neural stem cells to form daughter cells), cell differentiation (cell 
becomes a neuron or glia), cell migration (cell moves to where it may be incorporated 
into the network), and cell survival and/or integration (by seven weeks the properties 
of the newly generated neurons are almost identical to those of mature neurons, and 
are fully integrated into the network). The work of Dr Macklis, Professor of Surgery 
and Neurology at Harvard Medical School is one example of the emerging work being 
conducted in neurogenesis. Earlier studies by Gould, Reeves, Graziano and Gross 
(1999) showed new neurons were added during adulthood and migrated between 
different areas of the brain. In addition, research conducted by Eriksson, Gage and 
others, published findings (Kempermann & Gage, 1999) recognising that the adult 
human brain does generate new neurons routinely in the hippocampus (Alvarez-
Buylla & Garcıá-Verdugo, 2002; Bailey, 2016; Eriksson et al., 1998; Ernst & Frisén, 
2015; Gonzalez-Perez, 2012; Growdon, 2009; Howard-Jones, 2010; Jin et al., 2004; 
Kempermann & Gage, 1999; Nixon, Morris, Liput, & Kelso, 2010; Sprenger, 1999; 
Wolfe, 2001). 
 
Amygdala (PowerPoint slide 48). Attached to the end of the hippocampus is an 
almond shaped structure called the amygdala. It plays an important role in regulating 
emotional responses, especially fear. It responds to environmental stimuli to 
determine potential impact on survival, is involved in the fight-or-flight response and 
acts as the brain’s alarm system. It senses danger and determines whether the 
correct response involves attacking, escaping, mating or eating. The interactions 
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between the amygdala and the hippocampus ensure that we remember for a long 
time those events that are important to survival and those for which the emotional 
response was high. Emotional data take the highest priority. When a strong 
emotional response is initiated the limbic system takes over control, and the complex 
cerebral processes such as rational decision making are suspended, so that the brain 
can enact survival mechanisms (Hardiman, 2003; Sousa, 2006; Sylwester, 1995; 
Wolfe, 2001).  
 
A working knowledge of the basic structure and function of the brain and the 
essential components of neuroanatomy can be important for every teacher, as it 
supports teachers to be strategic brain changers and critical users of brain research. 
This knowledge needs to be focused on informing teaching and learning and making 
connections to classrooms. Teachers do not need to be neuroscientists, but they do 
need to understand the process of learning so that they can better answer 
educational questions, solve educational problems, be more analytical of the 
research so that they can better manage the learning environment, and continue to 
improve the educational experience for all students. 
 
What brain research explains about how the brain learns (PowerPoint slide 56). 
As previously stated, the role of the brain is to help the organism survive and survival 
is improved by learning. Neuroscience defines learning as when connections 
between neurons form and strengthen (Stevens, 2014). The brain builds networks of 
connected neurons to store learning. Neuroscience has discovered that learning 
occurs when the existing network of connections physiologically changes, which is 
possible because of the brain’s neuroplasticity and is visible to scientists because of 
recent advances in specialised instruments. As discussed in the previous chapter of 
this portfolio, neuroscientists believe that learning is strengthened by stimulation of 
existing neural pathways, which is explained by Hebb’s law and is colloquially 
described as when ‘neurons wire together, they fire together’ (E. Jensen, 2008; Löwel 
& Singer, 1992; Prime Minister’s Science Engineering and Innovation Council 
(PMSEIC), 2009; Vorhauser-Smith, 2011).  
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Before neuroscience, education and the process of learning was informed by 
educational philosophy, educational psychology, cognitivism and constructivism. 
Influential historical figures include: 
• Locke, who believed that education’s purpose was to provide “variety and 
freedom of thinking” (Locke, 1881, p. 45) and proposed the idea that humans are 
a Tabula rasa (a blank slate) or blank page devoid of writing, and all knowledge 
comes from experience (Locke, 1959). 
• Rousseau, who suggested education needed to be introduced in topics presented 
in an order that matched the development of a child’s capabilities. In the draft 
version of his book, Émile, Rousseau identified four ages of man – the age of 
nature from 0 – 12 years, the age of reason from 12 – 15 years, the age of force 
from 15 – 20 years and the age of wisdom from 20 – 25 years (Palmer, 2016). 
• Binet, who applied laboratory and classroom experimental methods to education 
(Zimmerman & Schunk, 2003). He was a strong supporter of special education 
programs (Zimmerman & Schunk, 2003) and co-developed the Binet-Simon 
intelligence test (Nicolas, Coubart, & Lubart, 2014) to distinguish between typical 
students and those with developmental challenges. 
• Thorndike, who contributed to the scientific movement in education by basing 
teaching practices on empirical evidence and “methodologically sound  
experiments” (Zimmerman & Schunk, 2003, p. 114). 
• Dewey, who was a ”major voice of progressive education and liberalism” (Patel, 
2014, p. 1) who described learning as a social and interactive process where 
students should participate in their own learning because they learn by doing 
(Dewey, 2004). 
• Piaget who described a theory of cognitive development (Zimmerman & Schunk, 
2003). 
 
Sousa (2006) states that learning occurs when information is encoded, stored and 
retrieved. Encoding is a selective process that involves identifying the most important 
information using a hierarchy of responses based on survival and emotion. The 
Reticular Activation System (RAS) helps the brain monitor, sort and discard non-
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important data and information (Tileston, 2004). Data interpreted as threatening the 
survival of the organism is processed immediately. Emotional data has the next 
priority with new learning processed last (Sousa, 2006). Encoding requires active 
processing to identify and build connections and links (make sense) between the new 
information and previous learning. Once sense is made the learning is saved as a 
memory. Memory storage involves biochemical changes in the brain (McDermott & 
Roediger III, 2016). These changes can be seen using sophisticated medical 
instruments and imaging technologies.  
 
Localisation of brain function and the mapping of brain regions are two areas of 
knowledge that have developed from brain research. Learning that is stored in 
conjunction with meaningful and distinctive memory cues and emotions increases 
the chance that it will be accessible for retrieval in the future (McDermott & Roediger 
III, 2016). Every time a learning memory is retrieved, its neural pathway is activated 
and strengthened making the memory more likely to be retrieved again. Brain 
research has increased our understanding of information processing and memory 
making and can be applied by teachers to improve the educational experience of 
students. Specifically, teachers need to ensure that learning experiences scaffold the 
encoding, storage and retrieval processes. Teachers need to make certain that 
attention can be applied to new learning by ensuring that survival needs are 
addressed. For important learning and big ideas, teachers should work to guarantee 
that information is encoded with emotional memory cues. The use of novelty is an 
effective practice to apply for this purpose. To ensure that learning is remembered 
and available for retrieval in the future, it should be retrieved regularly. The 
application of rehearsal and practice learning tools and pedagogical practices are 
recommended for this purpose.  
 
The Information Processing Model 
Several models have existed throughout the history of education to describe learning 
and cognitive processes and many exist currently to explain how the brain learns. 
One of the more common models portrays the brain as a computer and describes 
learning in terms of input, processing and output. Models are simplified 
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representations of complex processes and therefore inadequately represent the 
intricacy of the biological system of learning. The model chosen for this teacher 
learning workshop to explain how the brain learns was specifically designed for 
teachers and concentrates on the way the human brain collects, evaluates, stores 
and retrieves information for learning. It simplifies the learning processes of the 
brain, representing the parallel and simultaneous processing in a linear fashion and 
reduces the very complex biological learning process to a simple mechanical process. 
This model is named the Information Processing Model (Sousa, 2006) and it is 
described by Schraw and McCrudden (2013) as the best articulated model of the 
main cognitive processes and is the most heavily researched model of learning. This 
model consists of three parts: sensory memory, working memory, and long-term 
memory. It describes how the brain sorts and prioritises information collected by the 
brain through a process of initial processing and then stores knowledge for later 
retrieval. 
 
Information is collected through the senses (PowerPoint Slide 57 and 58).  
The human brain is constantly scanning the environment to collect data. It uses the 
five senses to take in information and “may be able to hold as much information in 
its memory as is contained on the entire internet” (Ghose, 2016, para. 1). Levitin 
(2014) suggests that we take in 174 newspapers’ worth of information on a typical 
day. This amounts to tens of thousands of individual pieces of information every 
second, even while sleeping. When restricting the data collection from the senses to 
the process of learning, the senses of sight, hearing and touch contribute more 
significantly than taste and smell. To not overload the brain with all this information, 
a system called the sensory register (or reticular activation system) has evolved. The 
sensory register is in the thalamus. Nearly all information that enters the brain is 
filtered to determine importance by the sensory register. This only takes 
milliseconds. Because the brain’s main role is to help the organism survive, the 
sensory register uses past learning and experiences to screen incoming information 
and prioritise anything that threatens survival, is familiar, or is most relevant to the 
task at hand. The sensory register responds to novelty; noticing anything new and 
different. It has been described as the brain’s gatekeeper and Sousa (2006) uses the 
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metaphor of venetian blinds to describe its role in the information processing model. 
Information determined by the sensory register to be unimportant drops out of the 
system, allowing the brain to concentrate its attention on processing survival, 
important or novel data (Linde, nd; Schraw & McCrudden, 2013; Sousa, 2006; 
Sprenger, 2016). 
 
Limited capacity for attention (PowerPoint slide 59-65)  
“All human brains have limited capacity for attention” (National Safety Council, 2010, 
p. 5) and therefore need to prioritise and filter out those pieces of sensory 
information of lower importance to the action receiving the attention. Prioritising 
important information and filtering out unimportant information reduces cognitive 
overload. Cognitive overload can occur when people try to pay attention to more 
than one cognitively demanding task at a time. Sharing attention and focus causes 
the brain to repeatedly change attention and focus or ‘task shift’. This is more 
commonly described as multitasking. People who multitask believe that they are 
effectively completing two or more tasks at the same time, however, task shifting 
and multitasking takes time. People who try to do two things at once do not 
accomplish both tasks with optimal focus and effectiveness. When people attempt 
to perform two tasks at the same time, one task becomes the primary task and one 
the secondary task because the human brain cannot maintain focus on, or perform, 
two cognitively complex or attention-demanding tasks at the same time (Byrnes & 
Fox, 1998; F. Jensen & Nutt, 2015; Medina, 2009; National Safety Council, 2010; 
Sprenger, 2009; Tileston, 2004; Wolfe, 2001). “Studies show that a person who is 
interrupted takes 50 percent longer to accomplish a task. Not only that, he or she 
makes up to 50 percent more errors” (Medina, 2009, p. 87). 
 
As stated previously, the brain is always paying attention. However, the brain only 
learns from what it focuses on and consciously pays attention to. Learning is 
therefore dependent on attention. Attention results from focused concentration 
which must be sustained long enough to allow the processing of information to be 
completed. Attention allows the brain to allocate resources to tasks, especially the 
task of learning. Our brains need to balance times of attention with times of rest. 
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Intervals of rest provide an opportunity for the brain to strengthen newly formed 
connections and consolidate learning (Vorhauser-Smith, 2011). Attention can be 
measured by researchers using electrophysiological methods. Results of these 
studies show that neurons in the cortical areas examined adjusted their firing rates 
in response to changes in the attentional status. These findings suggest that attention 
plays a crucial role in information processing (Wallisch, nd). It is important for 
teachers to understand attention and to apply learning tools and pedagogical 
practices to ensure student’s attention is focused on one cognitively challenging task 
at a time. Attention needs to be balanced with times of rest to ensure a positive 
learning experience for all students. 
 
Memory (PowerPoint slide 67) 
Memory is an important part of learning. Learning is described as the acquisition of 
new knowledge and skills. Memory is the process of retaining learning for future 
application (Sousa, 2006). Much of what neuroscientists have learned about memory 
came from research into the case of Henry Gustav Molaison (HM). HM experienced 
a memory disorder as he had two thirds of his hippocampus surgically removed to 
cure his epilepsy. Because of the surgery, HM was unable to form new memories but 
maintained older memories. His case has contributed significantly to what we know 
about the role of the hippocampus in memory and to the development of theories 
that explain the link between brain function and memory (Wikipedia, 2016b; Wolfe, 
2001). Initial neuroanatomical information from HM’s case was supplemented with 
a number of other cases and has been used to discover and learn more about how 
specific structures may contribute differently to memory functions (Squire & Wixted, 
2012).  
 
Immediate memory (PowerPoint slide 68-75). There are different types of memory. 
Short term memory is how neuroscientists classify both immediate and working 
memory. Information that is not filtered out of the system by the sensory register 
progresses through to the immediate memory for processing. Immediate memory is 
a temporary memory and can operate consciously or subconsciously (Sousa, 2006). 
Sousa (2006) suggests that immediate memory can hold data on average for about 
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30 seconds. Because of this temporary nature, Sousa (2006) compares this step of 
the information processing model to a clipboard – a place where information is held 
briefly until a decision is made about its usefulness. However, I believe that a post-it 
note better represents the momentary and transient nature of this type of memory. 
To remain in the system for further processing, the information must be determined 
to be important. Previous experience and learning is again used to determine 
importance. Information that does not meet the criteria of importance drops out of 
the system. 
 
Just as with the sensory register, the brain processes information through immediate 
memory using the hierarchy of response. Any information that is of higher priority 
reduces the processing of the information of the lower priority. The brain’s main 
function is to help its owner survive. Therefore, information interpreted as posing a 
threat to the survival of the organism, such as the smell of smoke, a sound of a siren, 
or the threat of bodily injury, is processed immediately. If the information being 
processed is joined with emotional information such as fear, anger or joy, the limbic 
system overrides the complex cerebral processes such as decision-making, rational 
thought and problem-solving. This reflexive response explains why we freeze or 
become speechless in some emotionally charged circumstances. Emotional 
information is prioritised after survival data in the hierarchy of response. Although 
strong emotions can collapse conscious processing, they can also enhance the 
memory of an event. This is why the strategic use of novelty can be a powerful 
pedagogical practice that has the potential to improve the educational experience 
and outcomes of students (Sousa, 2006; Sousa & Tomlinson, 2011).  
 
Novelty (PowerPoint slide 76-78). Using novelty in our teaching does not mean that 
we need to be a circus clown. Novelty is simply defined as a change in the 
environment (Sousa, 2011a). The brain is constantly scanning the environment and 
is attracted to and then focuses on things that are novel or different in the 
environment. As identified earlier, the amygdala post-it notes those events which 
evoke highly emotional responses. Teachers should aim to create a novel experience 
that will ensure that the brain of each student post-it notes big ideas or core 
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concepts. In this way, teachers can strategically use novelty to point the brain in the 
right direction and capture attention. Teachers can employ novelty by changing their 
teaching position, using humour or music in their lesson, incorporating multi-sensory 
experiences and learning tools, quizzes, games and teaching approaches to involve 
more student activity (Sousa, 2011a). “When we sit for more than twenty minutes, 
our blood pools in our seat and in our feet. By getting up and moving, we recirculate 
that blood and within a minute, there is about fifteen percent more blood in our 
brain” (Sousa, 2006, p. 34). 
 
Working memory (PowerPoint slide 79-86). After being processed in immediate 
memory, information moves to working memory for further processing which results 
in decisions about storage. Working memory involves the temporary holding, storage 
and processing of information that is required to allow cognitive tasks to be 
performed (Salmon et al., 1996). The function of working memory is to use memories 
and emotions to make decisions about which information needs to be stored 
(MacFadden, nd). For this step in the model, Sousa (2006) uses the metaphor of a 
workbench to represent how working memory is a place of limited size where we can 
construct, dismantle, or rework information before storing it elsewhere. Working 
memory is where conscious processing occurs and therefore it demands attention 
and focus. Brain research describes working memory as both time-limited and limited 
in capacity (Baddeley, 2003). This means that working memory can only pay attention 
to a limited number of items and can only be applied for a limited time. The capacity 
of working memory is now believed to be three to four items, not the previously 
identified seven, plus or minus two (de Jong et al., 2009; Geake, 2009; Sousa, 2006, 
2012; Strauch, 2003; Tileston, 2004; Wolfe, 2001). It is possible to increase the 
number of items within, or extend, the functional capacity of working memory 
through a process called chunking. 
 
Chunking (PowerPoint slide 87-100). Chunking is a process that we apply to help 
working memory perceive a set of data as a single item. When you try to remember 
a mobile phone number such as 0427968346 you can learn it as 10 individual pieces 
of information, which is bigger than the functional capacity of your working memory, 
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or as three chunks, 0427, 968, 366 which is now within the working memory’s 
functional capacity of approximately four items. Chunking allows us to deal with a 
few large blocks of information rather than many small fragments. Past experiences 
influence chunking as the brain can more easily chunk that which it is familiar with, 
thereby allowing larger chunks of information to be viewed as one item. To chunk 
you need to be able to see the connections and put them together, a skill that is very 
difficult for adolescents when their prefrontal cortex is under reconstruction.  
 
Working memory has a limited timeframe (PowerPoint slide 103 and 104). Sousa 
(2006) states that working memory can only be applied for a limited time. Adult and 
adolescent humans can intently work with and process an item for about 10 to 20 
minutes (Baker, 2010; Sousa, 2006) before boredom or mental fatigue has an impact. 
When this happens, focus lapses and a change in the process of dealing with 
information needs to occur. For working memory to be effective in processing 
information, conscious processing is required, and this means that focussed 
attention on the task is critical for effectiveness. For teachers, this knowledge of how 
the brain learns underpins the design of 15 to 20 minute lesson packets that engage 
students in working with focussed attention, before a change in focus. This limit is 
impacted on by the level of motivation being experienced. For example, there are 
times when we can focus intensely for much longer than 20 minutes because of an 
emotional engagement, or motivation, with a topic. When considering this aspect of 
how the brain learns, railway enthusiasts immediately come to mind. They can 
maintain focus intently for much longer than 20 minutes because of their intensely 
personal, emotional engagement with the topic. Teachers who can create a similar 
emotional engagement in students, can then extend the duration of focus that 
students can maintain with one specific area of learning. 
 
When is important - The serial position, primacy and recency effects (PowerPoint 
slide 105-110). If working within a limited timeframe, when you present new 
learning, the big idea or the major concept is important. When an individual is 
processing new information, the amount of information retained depends, among 
other things, on when it is presented during the learning episode. At certain time 
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intervals during the learning, we will remember more than at other intervals. This 
phenomenon is called the ‘serial position effect’ (Revlin, 2013; Sousa, 2006) and was 
initially identified by Ebbinghaus (Kowalczyk, nd; Sousa, 2006) in the 1880s.  
 
Sousa (2006) explains that the amount of information retained depends on when it 
is presented during the learning episode. There is a link between when learning is 
presented during a learning episode and how well the learning is remembered 
(Brimhall, 2013). The ‘best remembered’ learning is that which is presented first in a 
lesson. This is called the ‘primacy effect’ (Revlin, 2013; Terry, 2005). It is based on the 
hypothesis that items presented first are better encoded and remembered because 
there has been more time and opportunity for rehearsal (Clause, nd; Greene, 
Prepscius, & Levy, 2000). It is believed that the earlier placement of these items in 
the learning episode, also provides more time to relate the new learning with 
previous learning, to find and make connections with something that is already 
known and important (Clause, nd).  
 
The ‘second best remembered’ learning is the learning presented at the end of the 
lesson.  This is called the ‘recency effect’ (Revlin, 2013). The recency effect is believed 
to occur because the last dealt with items are still in short term memory and have 
not yet been pushed out of the system. Therefore, they are easy to remember. 
Baddeley and Hitch (1993) challenge the assumption that items are still in short term 
memory storage and can be readily recalled. They offer as evidence the argument 
that the recency effect survives a filled distractor interval that would ordinarily 
displace the limited capacity of short term memory. They also suggest that recency 
effects have been shown to be maintained over time periods of up to weeks, which 
is beyond the scope of short term memory. Although they do not discount the 
existence of the recency effect, they argue that the current textbook view does not 
reflect the considerable progress made by brain researchers in understanding 
recency effects (Baddeley & Hitch, 1993; Revlin, 2013).  
 
The ‘least well remembered’ learning is that which occurs just past the middle of a 
lesson (Sousa, 2006). Researchers speculate that the same ‘attentional bias’ (E. 
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Jensen, 2008) that exists at the beginning and end of a learning episode is not evident 
during the middle part of the learning episode. It is important for teachers to 
understand the educational implications of both the primacy effect and the recency 
effect within a learning episode.  
 
The impact of the ‘serial position effect’ (developed by combining the primacy effect 
and the recency effects) provides guidance for teachers when introducing a new skill 
or new learning, providing evidence that teachers should teach new skills or new 
information first because this is the time when it is most likely to be remembered. In 
addition, teachers are encouraged to use learning tools and pedagogical practices 
that make the most effective use of the end of the lesson. Closure is important 
because it helps students to sort, organise and store, a task that is difficult for 
adolescents whose frontal lobes are still developing and fine-tuning executive skills. 
For this reason, explicit instruction and scaffolds that assist in sorting, chunking, 
sense and meaning making may assist in improving student learning outcomes.  
 
Figure 3.1 
Retention during a Learning Episode 
 
(Sousa, 2006, p. 90)  
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Teach new material first (PowerPoint slide 110). Retention is the goal of learning 
episodes. Sousa (2006) suggests there are important implications that come from the 
serial position effect that need to be considered when designing a learning episode. 
The various stages are shown in Table 3.1. At the beginning of each learning episode 
the learner focuses, with the intent to learn, on the teacher. Teachers should then 
focus on teaching new information or skills. This should occur during what Sousa 
(2006) calls ‘prime-time one’ so named because of its relationship to the primacy 
effect. This is the time when learning has the greatest potential to be remembered. 
It is also important to remember that the primacy effect suggests that students will 
remember almost any information presented at this time, so if the first thing a 
teacher does after gaining student attention is mark the roll, then student 
attendance is the thing most likely to be remembered (Sousa, 2006). Once new 
material is taught, it should be followed by a shift in focus that involves practise or 
review during a time Sousa (2006) describes as ‘down-time’. At this point in the 
learning, the information is no longer new, and the practice supports the learner in 
sorting and organising learning while facilitating a change of focus, to reduce the 
previously mentioned boredom and cognitive fatigue that comes from focusing for 
too long and/or too intently. Learning closure should then be the focus of ‘prime-
time 2’ (Sousa, 2006) since this is the second most powerful learning position, an 
outcome of the recency effect, and an important opportunity for the learner to assign 
sense and meaning.  
 
Closure (PowerPoint slide 113). Closure describes the process where a learner’s 
working memory makes sense, attaches meaning and summarises what has been 
learned (Sousa, 2006) for the purpose of increasing the probability that the learning 
will be retained in long term storage. Sousa (2006) suggests that closure and review 
are different processes, recommending that review involves the teacher doing most 
of the work, revisiting the key ideas of the lesson and checking student 
understanding. In contrast closure involves learners doing most of the work.  During 
closure, learning activities should involve the learner in mentally practising and 
summarising concepts to ensure that they make sense and have meaning (Sousa, 
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2011b). The purpose of engaging in closure activities is to increase the potential of 
retention and retrieval. 
 
Long term memory and storage (PowerPoint slide 115 and 116). The last phase of 
information processing involves the long-term storage of information. Long term 
memory storage allows us to hold information for a longer period. Retention requires 
that the information is preserved so that it can be easily located and retrieved when 
needed (Baker, 2010). This requires a process that involves sustained attention, 
deliberate practice and the assigning of sense and meaning. As with the previous 
phases of information processing, this phase is also impacted on by the hierarchy of 
response and the action of emotion (Sousa, 2006). Sousa (2006) uses the metaphor 
of a filing system to represent this last phase of the information processing process. 
This choice of a filing system is obvious: like long term memory, it is a place where 
information is stored in a logical and systematic way, to aid retrieval. Research is yet 
to determine exactly how many long-term storage sites are in the brain. But it has 
discovered that memories are not stored in one place (Fauci, 2008; Freidman, 
Klivington, & Peterson, 1986; Sousa, 2006) and that memories are not always stored 
as a single entry (Sousa, 2006). In this way, different parts of a memory must 
reassemble from storage areas distributed across the brain when a memory is 
recalled (Sousa, 2006). The encoding of new learning and its movement to sites of 
storage takes time and generally occurs during sleep (Rasch & Born, 2013; Sousa, 
2006). Sousa (2006) suggests that there is a high probability learning was not 
permanently stored if it cannot be recalled new after 24 hours, and thus can never 
be recalled. The reprocessing of information through retrieval, rehearsal and practice 
are critical aspects of successful storage of new learning. This builds, reactivates and 
strengthens neural connections and overcomes the impact of the ‘forgetting curve’. 
 
Sense and meaning (PowerPoint slide 117-120). Sense and meaning are the major 
criteria the brain uses in deciding what information to encode into long-term 
memory (Fuller, 2003; Tileston, 2004; Wilson, 2014; Wolfe, 2001). Information (or 
learning) has a low probability of being stored if it does not make sense or have 
meaning. Of the two, meaning has the greater impact on new learning storage 
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(Sousa, 2006; Tileston, 2004). The brain constructs meaning through relevance, 
emotion and patterns or connections (Tileston, 2004). For learning to be relevant, 
the brain must be able to make a connection between the new learning and existing 
learning. The greater the relevance, the greater the meaning. Emotion strengthens 
an experience and increases its meaning. Emotion provides the strongest reason to 
embed learning in long-term memory by using chemicals to mark the experience as 
meaningful and important (Tileston, 2004). The biology of emotion and its impact on 
learning is important for teachers to understand. The brain is a pattern-seeking 
organism and therefore seeks to identify patterns and connections between pieces 
of information. Using patterns and connections is another way that the brain makes 
meaning of new learning. The important understanding for teachers about sense and 
meaning making is to understand that meaning is a personal understanding. Students 
must be provided with opportunities to attach their own meaning to the new 
learning by building connections between new and existing learning. Teachers can, 
however, strategically select learning tools and pedagogical practices to support a 
learning environment that assists students to make personal meaning. 
 
Misunderstandings make sense to learners – they develop from an understanding 
that develops from previous knowledge and experience which appears to make 
sense to the learner – which is why they endure and are resilient. For example, a 
common science misunderstanding is that plants get their food from the soil rather 
than using carbon dioxide, water, light and heat for the synthesis of sugar and starch 
– a process called photosynthesis. This misunderstanding makes sense based on the 
everyday observations people make in their gardens, which is why it remains a 
persistent misunderstanding.  
 
Past experiences help to make sense out of events, to recognise cause and effect and 
to inform decisions. What is already known references new learning and helps 
learners to ascribe meaning and sort out learning that does not make sense (Sousa, 
2006). No two learners have the same data in their long-term storage (not even 
identical twins) and therefore no two learners perceive new learning in the same 
way. Learners can put the same experiences together in many ways. 
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Think-time (PowerPoint slide 128). Think-time is described as when a teacher 
deliberately provides an uninterrupted period of uninterrupted silence so that all 
students can complete appropriate information processing tasks. It is recognised as 
an important pedagogical practice to use to encourage retrieval and relearning.  
 
Studies as far back as Rowe (1974) found that teachers allow an average wait time of 
about three seconds. A study conducted by Gambrell (Gambrell, 1983) found 
teachers asked a question every 43 seconds and allowed approximately one second 
of think-time. This did not allow enough time for slow retrievers to locate the 
required answer in long term storage and retrieve it into working memory. The 
resultant learning assessment was inaccurate, as many of these learners knew the 
correct answer, they just did not have enough time to retrieve it.  
 
Rowe (1972) found that at all grade levels and in all subject areas, when teachers 
extended the wait time:  
• The length of student responses increased. 
• The number of unsolicited but appropriate student responses increased. 
• Failures to respond decreased.  
• Student’s confidence increased. 
• The incidence of speculative thinking increased. 
• Teacher-centred show-and-tell decreased and student-student comparing 
increased. 
• Qualified inferencing increased. 
• The number of questions asked by children and the number of experiments 
they proposed increased. 
• "Slow" student contributions increased. 
 
By using think time, teachers provide every student in their class with the opportunity 
to rehearse and strengthen their learning.  
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Retrieval (PowerPoint slide 129-130). It takes time to retrieve an item from memory. 
The more frequently we access a retrieval pathway, the less likely it is to be obscured 
by other pathways and the more efficient the process becomes. This process 
strengthens connections and that means learning is strengthened. Every time 
information is recalled from long term storage it is relearned. Therefore, teachers 
should use classroom strategies that encourage students to recall and revisit 
previously learned information regularly, so they will relearn it. Students store 
information in different networks, depending on how they link the information to 
their past learnings. This, along with the strength of the neural connection, explains 
why it takes some students longer to retrieve the same information. Therefore, when 
teachers call on the first hands that go up, they inadvertently signal to the slower 
retrievers to stop the retrieval process and this stops the strengthening of the 
connection. It is suggested that teachers should allow time before calling on the 
students for a response. This holds all students accountable for recalling the answer 
and retrieving the information. Another suggestion encourages teachers to avoid 
predictable patterns when calling on students, such as alphabetical order, up and 
down rows, or first hands up. This establishes patterns of teacher behaviour that 
signal when students will be held accountable, and when they can hitchhike through 
a lesson. 
 
Rehearsal (PowerPoint slide 131 and 132). Continual reprocessing of information is 
called ‘rehearsal’ and is a critical component in the transference of information from 
working memory to long term storage. There is almost no long-term retention 
without rehearsal. ‘Rehearsal’ is different from ‘practice’ in that ‘rehearsal’ deals 
with the repetition and processing of information whereas ‘practice’ refers to the 
repetition of skills. There are two types of rehearsal: ‘Rote rehearsal’ and ‘elaborative 
rehearsal’.  
 
Rote rehearsal is important and still has its place in classrooms of the 21st Century.  
Rote rehearsal opportunities should be provided when the learner needs to 
remember and store information exactly as it entered working memory, and is 
necessary when learning information or a skill in a specific form or sequence such as 
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the lyrics of a song or the steps in a procedure. Rote rehearsal does not require that 
the learner understands the information or can apply it to a new situation.  In this 
way, students often misuse rote learning to memorise important facts and terms, 
and then are unable to use this information in higher order situations that require 
application or problem solving.  
 
The goal of learning is not just to acquire knowledge, but to be able to access and 
apply that knowledge in a variety of different settings. To do this, students need a 
deeper understanding of the concepts involved in the learning. This is the context in 
which ‘elaborative rehearsal’ is the appropriate form of rehearsal. Elaborative 
rehearsal is used when it is more important to associate the new learning with prior 
learning to detect relationships or to develop deep understanding. Elaborative 
rehearsal leads to retention, but retention is also dependent on the type of teaching 
method used.  
 
Practise (PowerPoint slide 133). Practise also aids in the retention of learning 
because practise works towards making permanent. Therefore, correct practise is 
important. Early practise should be done in the presence of the teacher, who can 
monitor accuracy, provide feedback and correction. Allowing students to practise 
something for the first time away from the teacher can be very risky. If students 
unknowingly practise the skill incorrectly, then they will learn the incorrect method 
well! Early practise should be repeated during time periods that are close together. 
Once the new learning is correct, then students should be assigned opportunities for 
independent practise. I believe this is the brain science link that underpins the 
pedagogical practice of the modelled, guided and independent teaching cycle.  
 
Periodic review should be used strategically to maintain sustained recall. Critical 
information and skills should be reviewed at regular intervals within and across grade 
levels. If students are not provided with opportunities to recall and use new learning, 
it will be forgotten. Teachers should not teach something once and expect students 
to achieve mastery. They should also refrain from practising something repeatedly in 
a simplistic rote manner and expect deep understanding. To aid retention, each 
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assessment of learning should assess new learning and provide the opportunity to 
retrieve and practise previous learning.   
 
Forgetting (PowerPoint slide 134). In the 1880’s Ebbinghaus conducted one of the 
most notable early experiments in educational psychology (Murre & Dros, 2015). The 
aim of this experiment was to identify a relationship between retention and time-
since-learning (Murre & Dros, 2015). A successful replication study was recently 
completed by Murre and Dros (2015) that resulted in a curve very similar to 
Ebbinghaus’s original results. Both Ebbinghaus and Murre and Dros (2015) identified 
the important role that sleep plays in retaining learning. The forgetting curve, shown 
in Figure 3.2, describes how the brain’s ability to retain information decreases in 
time. Maintaining high quality retention of learning is the goal for every teacher. 
Retention, and its converse action of forgetting, is impacted on by whether the 
learning makes sense and has meaning, whether the learner can identify and make 
connections between past and new learning, and importantly, as demonstrated by 
the forgetting curve, whether the new learning is reviewed. The curve demonstrates 
that nearly all learning not reviewed is forgotten within a month. On the other hand, 
learning that is reviewed 24 hours after learning, or one month after learning, is more 
successfully retained. These results support the use of retrieval, rehearsal and 
practise as important practices for increasing retention. 
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Figure 3.2 
The Forgetting Curve 
 
 
(Steel, 2014) 
 
Retention. Retention is the ability to hold things in mind so that recall, or recognition 
is possible at a time after the original act of learning. Retention is dependent on the 
learning method used. Some methods are more effective than others. No one 
pedagogical practice or learning tool exists that is best for all students all the time. 
The development of the ‘learning pyramid’, shown below in Figure 3.3, has been 
attributed by many to American educationalist, Dale (Anderson, 2007; Bloomsburg 
University, 2003; Bonk, 1998; Davis & Summers, 2014; Hamilton & Tee, 2016; HLWIKI 
International, 2015; Michigan State University, nd; Wikipedia, 2016a) and describes 
how learning retention varies depending on a student’s exposure to different 
teaching methods. Others suggest that the learning pyramid originated in the 1960s 
from the National Training Laboratories of Bethel, Maine (Day, Foley, Groeneweg, & 
Van der Mast, 2004; Kotsis & Chung, 2013; Sousa, 2006; Thurlow, 1999; Wood, 2004). 
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Figure 3.3 
The Learning Pyramid 
 
(Benjes-Small & Archer, 2014, 'History of the Learning Pyramid') 
 
However, the idea of the learning cone or pyramid is problematised by Benjes-Small 
and Archer (2014), Lalley and Miller (2007), Thalheimer (2006b) and others who 
describe the cone of learning, as represented in Figure 3.3, variously as fraudulent, 
not credible, and the work of shysters (Thalheimer, 2006b), bogus (Benjes-Small & 
Archer, 2014; Thalheimer, 2006b), lacking scientific validity, potentially harmful to 
teaching (Rose, nd) and as a “zombie learning theory that refuses to die” (Benjes-
Small & Archer, 2014, para. 3).  
 
A research internet search for ‘learning pyramid’ in July 2016 returned 348,000,000 
hits. Of these 76 300 were from .org domains, 15,100,000 from .edu domains and 14, 
000,000 from .gov domains. These search results support the idea that the learning 
pyramid demonstrates a level of persistence shared with the neuromyths discussed 
elsewhere in this portfolio. Despite being debunked repeatedly over a number of 
years (Benjes-Small & Archer, 2014) the learning pyramid continues to be a 
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commonly accepted and supported aspect of teaching practice, as suggested by the 
number of hits within the .edu search.  
 
The original 1946 edition, called the ‘cone of experience’ and seen as Figure 3.4, was 
an attempt by Dale to organise experiences in order of their level of abstraction from 
direct, purposeful, concrete experiences at the bottom, through to verbal symbols at 
the top or abstract end of the cone (Lalley & Miller, 2007). At some point, Dale’s 
original cone transformed into a representation more commonly recognised in one 
form as the learning pyramid represented in Figure 3.3. In this newer representation, 
Dale’s experiences are replaced by instructional methods, and percentages are 
added. ‘Lecture’ replaces ‘visual symbols’ in the top portion of the pyramid. The 
learning pyramid is attributed to the National Training Laboratories, but the 
organisation reportedly no longer has or is unable to find the original research that 
supports the numbers given as reflected in the widely quoted response, reportedly 
from the National Training Laboratories, below.  
[The Learning Pyramid] was developed and used by NTL Institute at 
our Bethel, Maine campus in the early sixties when we were still 
part of the National Education Association’s Adult Education 
Division. Yes, we believe it to be accurate – but no, we no longer 
have – nor can we find – the original research that supports the 
numbers. We get many inquiries every month about this – and 
many, many people have searched for the original research and 
have come up empty handed. We know that in 1954 a 
similar pyramid with slightly different numbers appeared on p. 43 
of a book called Audio-Visual Methods in Teaching, published by 
the Edgar Dale Dryden Press in New York. Yet the Learning Pyramid 
as such seems to have been modified and always has been 
attributed to NTL Institute (Burnet, 2010; Lalley & Miller, 
2007;Thalheimer, 2006a; Wood, 2004). 
 
Benjes-Small and Archer (2014) suggest that although there are a number of 
inconsistencies in the above claim (see Thalheimer at 
http://www.willatworklearning.com/2006/11/ntl_continues_i.html for a thorough 
response to the National Training Laboratories) the learning pyramid myth contains 
three grains of truth. Firstly, memory does matter and one of the best ways to 
measure memory is by retention.  Secondly, teachers need to be reminded to think 
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about designing learning episodes that make use of multimodal learning. This will 
provide opportunities to re-focus attention to best meet the needs of learners and 
complement what we know from brain research about attention, focus and 
retention. Finally, educational research strongly supports the use of a variety of 
activities that promote active student engagement in the learning process as a way 
of improving retention. 
 
Figure 3.4 
Dale’s Cone of Experience 
 
(adapted from Benjes-Small & Archer, 2014, 'History of the Learning Pyramid') 
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Feedback (PowerPoint slide 135). Teacher clarity through the explicit sharing of 
learning intentions and success criteria, and teacher feedback, each provide 
information to students about which learning needs practise. Several researchers 
have identified the importance of feedback as a key practice in improving the 
educational outcomes of adolescents (Hattie, 2009; Hattie & Timperley, 2007). 
Feedback is one of the most powerful influences on learning and achievement (Hattie 
& Timperley, 2007, p. 81) as it clarifies and corrects information the learner receives, 
and it allows the brain to readjust and re-evaluate what it thinks it knows. The brain 
needs feedback from its own activities for optimal learning. Without information 
about performance, the brain will not know which neurons to grow and strengthen, 
which need re-wiring, and which need pruning. Educational research has found that 
many of the feedback strategies used by teachers are not effective and do not 
achieve the stated purpose of improving student learning outcomes.  
 
When a student receives feedback it either strengthens synaptic connections, 
increasing the likelihood of the same response being elicited in the future or 
disengages a synapse. Changing the brain’s firing patterns through repeated thought 
and action is the aim of giving feedback. For feedback to be successful, it must be 
prompt, specific and corrective; it needs to be immediate and identify the way 
forward. For feedback to be specific, students must know and understand what they 
are learning, why they are learning it and how they will recognise when they have 
succeeded in learning it well. This is linked to clear learning goals and shared learning 
intentions and describes the difference between where a student is now and the 
successful achievement of the learning goal. Timeliness is one of the most critical 
aspects of feedback. If a teacher does not correct a student at the time that an 
incorrect learning is demonstrated, then the incorrect learning continues and is 
reinforced. Feedback given days or weeks later has little impact on student learning. 
Praise, encouragement and rewards are not examples of feedback. 
 
Understanding how the brain learns should be a key aspect of every teacher’s 
knowledge base. Although every brain is unique, there are similarities in how brains 
learn. With this knowledge, teachers can answer educational questions, solve 
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educational problems and better manage the learning environment to improve the 
educational experiences of students. They can better select the most effective 
pedagogical practices and learning tools to meet the learning, assessment and 
wellbeing needs of students and to improve the educational experience of students. 
 
Essential Understandings of Adolescence (PowerPoint slide 149-151) 
Most teenagers pass through adolescence smoothly and happily. Despite this, much 
teenage angst continues to be stubbornly blamed on hormones. Feinstein (2004) and 
Underwood (2006) suggest that hormones should be relieved of much of the blame. 
They argue that adolescents are not victims of hormones surging through their veins 
but are instead operating with unfinished brains. The Australian Institute of Health 
and Welfare defines adolescence as between the ages of 12 and 24 years (Australian 
Institute of Health and Welfare, 2011). The World Health Organisation (World Health 
Organisation, 2016) defines adolescence as between the ages of 10 and 24 years and 
the Lancet Commission on adolescent health and wellbeing defines adolescence as 
between the ages of 10 and 24 years (Patton et al., 2016). Adolescence is therefore 
defined within this research as between the ages of 10 and 24. 
 
Adolescents cannot act like adults because they do not have adult brains, despite 
their brains having an adult size and appearance. The adolescent brain is not mature, 
it is still developing and changing - a process described variously as ‘pruning’ 
(Blakemore & Choudhury, 2006b; Catalyst, 2005; Crawford, 2007; Howard-Jones, 
2010; Siegel, 2014; Spear, 2003), ‘sculpting’ (ACT for Youth, 2002; Catalyst, 2005; 
Crawford, 2007), ‘remodelling’ (Catalyst, 2005; Siegel, 2014; Strauch, 2003), ‘under 
construction’ (Arain et al., 2013; Crawford, 2007; Feinstein, 2004; Strauch, 2003), 
‘restructuring’ (Feinstein, 2004; Penniman, 2013), ‘a work in progress’ (Feinstein, 
2009; Strauch, 2003; Weinberger et al., 2005) and ‘crazy by design’ (Crawford, 2008; 
Strauch, 2003). 
 
Brain restructuring takes place in fits and starts. When interpreting brain research, it 
is important to remember that adolescents as a group are not homogenous and these 
understandings are generalisations, not absolutes. Thickening of the grey matter 
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followed by periods of synaptic pruning, the delayed maturing and completion of the 
lobes and prefrontal cortex, the misreading of emotions, sleep cycle changes, the 
effect of serotonin and dopamine and poor impulse control are responsible for most 
of these and other frustrating adolescent behaviours. The rapid and massive 
structural change occurring in the brain during the adolescent years is the biggest 
reason behind adolescent behaviour.  
 
In addressing this material review, a few recurring themes about adolescence 
become evident. These themes describe the changes that take place in the brain 
during adolescence and explain the impact these changes have on the adolescent 
learner. There are several repeated themes expressed in the brain research, but I 
have identified four that are most significant to the educational setting and for 
teachers of adolescents.   
 
I have described the four identified themes as ‘essential understandings of 
adolescence’. There is not an easy one-to-one correlation of these essential 
understandings to classroom activities. Instead the essential understandings provide 
a more general understanding of the brain changes that occur during adolescence. 
The four essential understandings help to understand some of the adolescent 
behaviours that influence and impact on successful learning,  therefore they have the 
potential to inform the work of teachers and impact on the adolescent learning 
environment. Teacher knowledge, understanding and application of these four 
essential understandings of adolescence should inform learning choices by 
facilitating more knowledgeable management of the adolescent learners and their 
learning environments. 
 
My selection of these essential understandings was guided by four factors. Firstly, 
the essential understandings had to be presented by more than one author. 
Secondly, essential understandings must have had a solid base in brain research. 
Thirdly, they needed to have a widespread impact. In other words, they needed to 
impact more broadly on most adolescents, not just on some. Finally, they needed to 
have an explicit link to the educational environment of adolescents. For example, 
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understanding the physical changes of puberty was not identified as one of the four 
essential understandings as it is not a brain-based developmental change. For 
example, understanding the increased incidence of eating disorders was not selected 
as one of the four essential understandings as its incidence within the general 
population of adolescents was not large enough. The increased use of alcohol and 
other drugs during adolescence was not included as one of the four essential 
understandings as this is, in part, explained through other essential understandings, 
but was deemed more of a general social issue than a specifically educational one. 
 
The four essential understandings of adolescence are: 
• There is large scale brain remodelling during adolescence, with the prefrontal 
cortex the last to mature. 
• Adolescent brains process information differently to the adult brain. 
• Adolescents operate with a different sleep clock.  
• Serotonin and dopamine fluctuate during adolescence. 
 
Essential Understanding 1: There is Large Scale Brain Remodelling during 
Adolescence with the Prefrontal Cortex the Last to Mature (PowerPoint slide 152-
158) 
Adolescence is a time of large scale brain remodelling (PowerPoint slide 152). 
Neuroscience research has added to what we know about how the brain changes 
during adolescence and what impact brain restructuring may have on learning and 
behaviour. Until recently, it was believed that the majority of brain development took 
place in the first few years of life (Blakemore & Choudhury, 2006a; Johnson, Blum, & 
Giedd, 2009; Konrad, Firk, & Uhlhaas, 2013). Based on what has been learnt from 
autopsies, animal studies, neuroimaging and longitudinal studies, we now know that 
the brain continues to develop and change throughout adolescence and well into the 
twenties (Johnson et al., 2009; Steinberg, 2011) and that brain “plasticity is the 
essence of adolescent neurobiology and underlies both the enormous learning 
potential and the vulnerability of the teen years” (Giedd, 2009, para. 8). 
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Adolescence is the third time that the brain restructures itself. The first occurrence 
takes place in utero at about seven months’ gestation. The second time coincides 
with what is generally termed the ‘terrible twos’.  Brain restructuring impacts on the 
ability of the adolescent brain to pay attention, make and store new memories, plan 
and solve problems. This has a significant impact on the learner and their learning, 
and therefore should be of importance to teachers. 
 
One of the most significant changes during adolescence is that the brain undergoes 
a massive remodelling of its basic structure. On a gross anatomical level, most areas 
of the brain are under major reconstruction during adolescence. Between the ages 
of six and 12, the growth spurt of synaptic elaboration begins, reaching its highest 
density for girls around age 11 and for boys around age 12.5  (Giedd, 2002). This 
growth spurt begins at the rear of the brain and moves in a pre-programmed 
(genetic) pattern from back to front, from bottom to top (Raising Children Network 
& the Centre for Adolescent Health, 2014). The very last part of the brain to be 
pruned and shaped into its adult dimensions is the prefrontal cortex (Raising Children 
Network & the Centre for Adolescent Health, 2014), home of the executive functions 
such as planning, setting priorities, organising thoughts, suppressing impulses, 
weighing the consequences of one’s actions. During adolescence, the brain becomes 
more efficient (Wallis, 2008) with faster and fewer connections and stronger 
networks enhancing functionality. The brain therefore becomes more efficient. A 
number of researchers believe that pruning is guided by both genetics and by a use-
it-or-lose-it (Feinstein, 2009; Giedd, 2002; Payne, 2010; Strauch, 2003) principle that 
includes moments of mayhem, as well as increasing precision (Strauch, 2003). During 
adolescence, neural pathways not being used and strengthened are pruned and 
removed from the network. The brain defines what is important to remember, 
discards useless or irrelevant information, and develops ways to retain, access and 
learn new information. The parts for exercising judgement are still maturing 
throughout the course of adolescence. Wolfe references Giedd as suggesting that we 
need to think of Michelangelo, with his block of marble when we try to imagine the 
pruning process. He begins to sculpt away until David emerges. This is precisely what 
is going on in the adolescent brain, starting around 11. The brain is pruning away, 
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sculpting away excess material, excess connections, to make a more refined, more 
efficient, more adult brain. 
 
One of the last areas of the brain to reach a stable mature state, perhaps not reaching 
full development and refinement until well past age 20, is the prefrontal cortex. No 
adolescent on the cusp of beginning adulthood has the same brain, with the same 
neural pathways, as they will have five years later.  
 
Massive remodelling (PowerPoint slide 154). The prefrontal cortex (PFC) is the area 
of the brain responsible for executive function. It plays a significant role in abstract 
thinking and thought analysis and is responsible for regulating behaviour. The 
functions of the PFC include mediating conflicting thoughts, making choices between 
right and wrong, and predicting the probable outcomes of actions or events. The PFC 
governs social control, suppresses emotional urges and delays gratification. It 
regulates thought and is used in decision-making processes. The PFC allows us to plan 
and create strategies, and to adjust actions or reactions in changing situations. It 
helps to focus thoughts, which enables us to pay attention, learn, and concentrate 
on goals. The PFC facilitates active, working memory. As the PFC matures, teenagers 
can reason better, develop more control over impulses and make better judgements. 
For this reason, while we should expect teenagers to begin to perform high level 
thinking, we also should not be surprised if adolescent students have trouble making 
decisions. The maturing of the PFC is probably the most significant change in the 
adolescent brain for teachers to understand and know about.  
 
The emotional and rational parts of the brain mature on different timelines 
(PowerPoint slide 157). The emotional brain matures at about age 11, but the 
rational brain matures at about age 23. Therefore the brain is not fully developed 
until about age 23 (Bessant, 2008; Carr-Gregg & Shale, 2002; E. Jensen, 2006; Sousa, 
2012; Steinberg, 2011; Strauch, 2003; Winters, 2008; Wolfe, 2001). Brain maturity 
occurs slightly earlier for girls and slightly later for boys. Each brain is individual and 
just as unevenly developed as the adolescent body that houses it, and each will take 
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its own time to mature. The mismatch between the emotional and rational maturing 
brain may help to explain some adolescent behaviours (Sousa, 2012).  
 
Pedagogical practices and learning tools. Because the PFC is maturing throughout 
adolescence, teachers need to engage with practices that will support the PFC in 
learning. Adolescent behaviours such as poor planning can be better supported when 
teachers use novelty to help student understand which parts of new learning are 
important. Because the PFC is restructuring and pruning connections, the adolescent 
learner needs to have explicit and achievable learning goals, clearly defined criteria 
of success and frequent feedback on progress towards learning goals. Because the 
adolescent brain is redirecting energy to restructuring, adolescent learners need to 
be supported in paying attention and in maintaining motivation. Adolescent learners 
need time to think and to retrieve previous learning. Given this understanding of the 
adolescent learner it probably makes sense for us to use the following pedagogical 
practices (which are provided in the workshop handbook) in adolescent classrooms 
(E. Jensen, 2012). 
 
Pedagogical practices: 
• pointing your brain in the right direction 
• modelled, guided and independent teaching cycle 
• using novelty to identify important learning 
• hands down except to ask a question  
• twenty-minute teaching episodes 
• no hitchhiking 
• whiteboarding 
• think time 
• traffic lights 
• differentiation 
 
The pruning of connections within the adolescent brain and the late maturing of the 
PFC have significant impacts on the function of the adolescent brain. Teachers of 
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adolescents face the learning challenges and complexity of a restructuring brain. 
Teachers want to be able to successfully manage learning to ensure that students 
pay attention to and are engaged in learning, not merely compliant. They want to 
ensure that students can make sense and meaning of new learning and connect it to 
previous learning. Teachers want to ensure that new learning is stored for long term 
retrieval and that learning activities are selected to assist learners to process 
information effectively and efficiently. Teachers understand the importance of 
practise in ensuring that new learning is correct, that skills and understandings are 
available for translation to new contexts and that learning is easily available for 
future retrieval. The brain of an adolescent directs a lot of energy to the process of 
pruning and refinement. Therefore, teachers need to be strategic about gaining and 
maintaining student attention on learning. Because the PFC is late to mature, the 
adolescent brain needs to be supported to identify connections between new 
learning and past learning, and the processing of information needs to be scaffolded. 
The adolescent learner needs explicit assistance to practise, review and store new 
learning. Given this understanding of the adolescent learner the following learning 
tools are presented as appropriate (which are provided in the workshop handbook) 
in classrooms of adolescents (E. Jensen, 2012). 
 
Learning tools to: 
• Gain attention: 
o read, post, sort and web 
o mystery webs 
o predict-o-gram 
• Build connections: 
o question stems 
o coding the text 
o graphic outlines, graphic organisers and planning sheets 
o treasure hunt 
• Process New Learning: 
o marking the text 
o whiteboard speed dating  
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o seven strips 
o note-making 
o partner read and think 
o Using visual tools 
▪ diagramming 
▪ sketch to stretch 
▪ quick write, quick draw  
o Using accountable talk 
▪ basketball not ping pong questioning 
▪ talk moves 
▪ elbow buddies 
▪ say something 
• Increase Memory: 
o chunking 
o the functional capacity of working memory 
o retrieval, rehearsal and practise 
• Support Review and Closure: 
o alphaboxes 
o this image reminds me of … because … 
o think, pair, share, square 
o exit slips 
o give yourself a hand 
o $2.00 summary, sms summary and dollar words 
o plenary placemat 
 
Describing the above activities as ‘learning tools’ rather than ‘strategies’ is a subtle 
but important language change. A tool is an instrument. It is designed to be used for 
a specific purpose, and in the hands of a master craftsman, it can be incredibly 
precise. An apprentice starts the job with little or no tools, which aligns with their 
limited level of skill development. As they apprentice into the field they build a tool 
box filled with tools and become more specialised as they become more expert in 
selecting and applying their tools to the right context. In the same way, even 
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monkeys can use a stick as a tool when used with precision, for a specific purpose or 
outcome. The same is true of the ways learning tools can be applied to learning 
situations, with both learners and teachers sharing responsibility for selecting and 
applying tools for specific purposes. A strategy is a plan of action. It implies a 
‘strategic-ness’, but also implies that the person doing the planning is the one 
charged with leadership – which in the case of the classroom, is most frequently 
limited to the role of teacher. The aim of developing this teacher learning workshop 
is for teachers to build their knowledge of a range of high impact pedagogical 
practices and learning tools, to develop an understanding of how and why these 
learning tools work with and support the changing adolescent brain to improve the 
educational experience and to develop the skill, confidence and competence to be 
able to select the right tool for the right job. An implication of this is that teachers 
will share this knowledge and skill with students. Naming these activities ‘learning 
tools’ serves to remind all stakeholders of the purpose and application of this teacher 
learning. 
 
An understanding of the length of time it takes to pass through the developmental 
stage of adolescence, and the differences between the timeline and process of 
emotional and rational maturity is important for teachers of adolescents. Knowledge 
of the process of brain maturation, and an understanding of how this impacts on 
adolescent behaviour and learning, is essential for teachers and should allow for the 
better management of adolescents and their learning, and therefore result in a 
better educational experience for adolescents in mainstream classrooms. 
 
Essential Understanding 2: Adolescent Brains Process Information Differently to 
the Adult Brain (PowerPoint Slide 161-162).  
A team led by Dr Yurgelun-Todd (Baird et al., 1999) at Harvard’s McLean Hospital 
monitored teenagers aged 11 to 17 using a functional magnetic resonance image 
(fMRI) to measure brain activity by detecting changes associated with blood flow 
while displaying images of emotional facial expressions. The adolescent responses 
demonstrated limbic system activation (Baird et al., 1999). In other words, their 
responses were based in the emotional part of the brain. Interestingly, adolescents 
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often misread the facial expressions and were consistently unable to correctly 
identify facial expressions (Baird et al., 1999), more often seeing sadness, anger or 
confusion instead of fear (Wolfe, 2010a). This result suggests that for adolescents, 
the judgement, insight and reasoning power of the frontal cortex is not being brought 
to bear on the task in the same way that it is in adults. Adolescents process 
information differently from adults. It is possible that adolescents are misperceiving 
or misunderstanding the emotions of adults, leading to miscommunication both in 
terms of what the adolescent thinks the adult is feeling and in terms of the 
adolescent’s response. They are seeing, for example, anger where there is none, and 
responding to this with a fight-or-flight response.  
 
Knowledge of the processes that underpin adolescent impulsivity, processing of 
information and emotions, and risk-taking behaviours are essential for teachers and 
an understanding of how this impacts on adolescent behaviour and learning will 
allow for the better management of the adolescent educational experience.  
 
Essential Understanding 3: Adolescents Operate with a Different Sleep Clock 
(PowerPoint slide 164-170)  
Sleep is important in the consolidation and retention of learning and has a significant 
impact on memory making (Blakemore & Frith, 2005; Carskadon, 2010; Feinstein, 
2007; Howard-Jones, 2014; F. Jensen & Nutt, 2015; Sousa, 2006; Strauch, 2003; 
Sylwester, 1995). Research (Pugh, 2010b; Sousa, 2010) has shown that during sleep 
the brain is extremely active. Memory trace reactivation studies (Rasch & Born, 2013) 
have shown that neurons activated during learning are reactivated during sleep. This 
reinforces connections and consolidates learning. Another study (Vorhauser-Smith, 
2011) found lower error rates with participants who had the benefit of sleep, while 
other studies have provided evidence of lower learning capacity and performance for 
students who were sleep deprived (Alhola & Polo-Kantola, 2007; Hershner & Chervin, 
2014). A number of studies have identified that adolescents do not sleep enough and 
that they cycle on a different sleep clock because of the neurochemistry of the 
adolescent brain (Blakemore & Frith, 2005; Carskadon, 2010; F. Jensen & Nutt, 2015; 
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Loessl et al., 2008; O'Brien & Mindell, 2005; O'Malley & O'Malley, 2008; Underwood, 
2006; Wolfe, 2005; Wolfson & Carskadon, 2005).  
 
Sleep has an important relationship with learning. Carskadon (2011) found that, 
during adolescence, there are relationships between insufficient sleep, poor 
performance, increased daytime sleepiness, reduced exercising and increased 
absenteeism at school. Research has shown a positive correlation between sleep 
deprivation and poorer grades. In a survey of more than 3,000 high-school students 
Wolfson and Carskadon (1998) found that successful students (those getting A’s and 
B’s) had 40 minutes more sleep on average per school night, and went to bed 25 
minutes earlier, than struggling or failing students (those described as getting C’s, D’s 
and F’s). Others have suggested that the consequences of sleep deprivation include 
days missed from school, decreased motivation, inattention and difficulty controlling 
emotions and behaviours (Jabr, 2013; National Institutes of Health, 2011; Pugh, 
2010b). Lack of sleep is problematic and can be potentially deadly. Sleep impacts on 
memory, mood, motivation and performance. The 1986 space shuttle disaster 
(Challenger) over the Atlantic Ocean off the coast of Cape Canaveral, Florida, the 
1986 accident at the Chernobyl nuclear power plant in the Ukraine and the 1989 
Exxon Valdez oil spill in Prince William Sound, Alaska, have all been attributed to 
human errors in which sleep deprivation played a role (Carr-Gregg, 2005). Carskadon 
(2011) also identified a link between obesity and poor sleep patterns in adolescence. 
Beebe et al. (2007) and Noland et al. (2009) also found links between poor sleep and 
obesity with Gupta et al. (2002) finding that in a sample of adolescents aged 11 to 
16, for every hour of sleep lost, the likelihood of obesity increased by 80%. Carskadon 
(Carskadon, 1999, 2011; Short et al., 2013; Wolfson & Carskadon, 1998), with others, 
has investigated the adolescent sleep issue in depth. Her research has discovered a 
change in sleep patterns that is brain-based and linked to the brain’s biological timing 
system, rather than being a case of adolescent rebellion.  
 
Sleep cycles are determined by circadian rhythms, an internal body clock that 
determines not only how much sleep is needed, but also when sleepiness is activated 
at night and when wakefulness is activated in the morning (Wolfe, 2010a). In adults, 
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the body clock is in the awake cycle for about sixteen hours a day, generally 
corresponding to daylight. As daylight disappears, the body clock switches off and 
sleep is initiated. During adolescence there is a delay in the release of melatonin by 
perhaps several hours, so adolescents are not ready to fall asleep at the same time 
as their parents (Pugh, 2010a).  
 
Melatonin is the neurotransmitter that activates the sleep-wake cycle. A release of 
melatonin brings on drowsiness and sleep. Researchers at Brown University and 
Bradley Hospital (Crowley et al., 2014) measured the amount of melatonin in 
teenager saliva over the course of the day. They discovered that the levels of the 
neurotransmitter increased later in the day and decreased later in the morning in 
teenagers than in adults and children. Wolfe (2005) noted that Carskadon discovered 
that the further along adolescents are in puberty, the later at night melatonin is 
secreted. Therefore, adolescents are becoming more focused, skilled and proficient 
as the rest of the world is beginning to fall asleep. By midnight, teenagers are wide 
awake, while the rest of the population is asleep (Underwood, 2006). Therefore, in 
the morning, adolescent brains are not ready to wake up at the same time as 
everyone else. This is because they did not fall asleep at the same time as everyone 
else, and because the morning melatonin shut down appears to occur in teenagers 
at about 8:30am. So if teenagers appear to be operating out of ‘synch’ with the rest 
of the world, it is because they are (Underwood, 2006). Sleeping till noon on 
weekends should not be viewed as adolescent laziness, but a biological necessity for 
many adolescents (Pugh, 2010b).  
 
Conventional wisdom suggests that young children need 10 hours of sleep a night 
and adults and teenagers need about eight hours. However, Wolfson and Carskadon 
(1998) concluded from their study that most adolescents do not get enough sleep. 
This was identified in the 1980 ‘Pubertal changes in daytime sleepiness’ study in 
which Carskadon was a researcher, as having an optimal length of 9 hours and 15 
minutes to function well and remain alert. This means that if an adolescent falls 
asleep at midnight, or later, and sleeps for the optimal length of time, they are a long 
way from being ready to wake up at 7:00am for school. One survey (Wolfson & 
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Carskadon, 1998) of the sleep patterns of 3,000 teenagers showed that the majority 
slept only about seven hours, with more than a quarter averaging six and one-half 
hours or less on school nights. Because they are waking up when the world dictates 
– rather than when their bodies tell them to – teenagers are chronically sleep-
deprived. 
 
Without enough sleep, the brain may not have enough downtime to ‘retune’ 
(Hemmen, 2012; Strauch, 2003). The encoding of information into long-term 
memory sites occurs during the rapid-eye movement (REM) stage of sleep. The REM 
sleep cycle hosts our dreams, and most neuroscientists believe that it is also the 
major ‘memory consolidation’ time for learning. Without REM sleep, the brain loses 
what was learned the day preceding sleep. During sleep, the brain reviews the events 
and tasks of the day. Scientists have recorded the brain activity patterns while 
subjects have performed specific tasks and then have observed the brain during 
sleep. When these same patterns are observed while the subject is asleep it is 
believed the brain is replaying the experience, thus consolidating the learning. 
Scientists have observed birds ‘practising’ their songs soundlessly during sleep and 
lab rats ‘rehearsing’ running through mazes. Wolfe (2001) discusses how dreams 
often contain fragments of the day and suggests that this is the brain replaying 
experiences, helping to consolidate them in the same way that consciously reviewing 
information during waking hours does.  
 
Normal sleep cycles in approximately 90-minute packages of non-REM and REM 
sleep. If the sleep-wake cycle was completed naturally, allowing waking to occur 
naturally, it would occur at the end of a 90-minute cycle. A nine hour or seven-and-
a-half-hour sleep time allows for the completion of a cycle, but a seven or eight-hour 
sleep time does not. If woken part way through a cycle, one will feel tired and 
unrested. If woken at the end of a cycle, even if sleeping occurred for a shorter total 
time, one will wake feeling rested. Adolescents getting only six or seven hours sleep 
a night are not only waking mid cycle and therefore unrested, but are missing out on 
the last two REM cycles. This is reducing the amount of time the brain must 
consolidate information and skills into long term storage. Adolescents are missing a 
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significant amount of REM sleep which is important for understanding new things. 
People who do not get enough REM sleep are not going to learn as fast as those who 
do. It is suggested that adolescents are forgetting about 20% (Smith, 2002) of 
learning each night, every night, for months and months and months.  
 
Teachers cannot control the release of melatonin nor can they influence the delayed 
sleep cycles that result during adolescence, but systemically they can impact on the 
wake time. If schools started later, students could sleep later. Walhstrom’s study 
evaluated 18,000 Minneapolis high school students after their school start time was 
changed from 7:15am  to 8:40am (Wolfson, Spaulding, Dandrow, & Baroni, 2007, pp. 
196-197). Within one year of the changes to start times, results showed an 
improvement in student’s grades and increased attendance (Wolfson et al., 2007, p. 
107). In Canada, the extra hour of sleep received when clocks are put back at the end 
of daylight saving has been found to coincide with a fall in the number of road 
accidents (Carr-Gregg, 2005). In 2002, after reviewing the findings from adolescent 
sleep research, the U.S Navy decided to let new recruits stay up later and sleep later, 
getting eight hours of sleep instead of six (Strauch, 2003). In Australia, clinical 
psychologist Andrew Fuller tested later start times at two Victorian schools and 
found a 10:00am-4:00pm school day was associated with less bad behaviour and 
better academic results (Carr-Gregg, 2007).  
 
Knowledge of the mismatch between the adolescent sleep clock and the ‘normal’ 
adult sleep clock is essential for teachers, and an understanding of how this impacts 
on adolescent behaviour and learning will allow for the better management of 
adolescents and their learning. Knowledge of the impact of sleep on learning can help 
teachers better understand some of the behaviours of their students and inform 
appropriate teaching, learning and assessment decisions. Therefore, teachers will 
improve the educational experience of their students. 
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Essential Understanding 4: Serotonin and Dopamine Fluctuate during Adolescence 
(PowerPoint slide 171-174) 
Serotonin and dopamine are both neurotransmitters. Neurotransmitters are 
generally either excitatory or inhibitory, meaning they either increase or decrease 
the probability that a neuron will fire. 
 
Dopamine is a neurotransmitter that helps regulate emotional behaviours and 
conscious movements. Low levels are associated with Parkinson’s disease, and high 
levels are associated with some forms of schizophrenia. It is also the critical 
neurochemical for attention and for reward - two key elements for successful 
learning. Dopamine is predominantly secreted in the frontal and temporal lobes. 
Increased dopamine activity in the frontal lobes is what occurs when people are 
drunk or have smoked cannabis. Dopamine is the pleasure chemical. When people 
participate in activities that they enjoy, the ‘high’ they feel is the effect of dopamine. 
In childhood and adulthood dopamine levels are stable, but in adolescence dopamine 
fluctuates. (Arain et al., 2013; Guare, Dawson, & Guare, 2013; Seigel, 2014a, 2014b). 
Adolescents therefore experience a significant change in their neurochemical profile 
which may be associated with risk-taking behaviour and the potential for poorer 
judgement. This may explain moodiness and behavioural responses commonly 
associated with adolescence. The role of other neurotransmitters such as serotonin 
also influences risk-taking.  
 
Serotonin is called the ‘feel good’ transmitter and like dopamine is a mood enhancer. 
It is associated with self-esteem levels and so conversely low levels are associated 
with depression. It too is at a natural low during adolescence. This is a contributing 
factor in poor self-esteem, depression and moodiness seen in the lives of some 
adolescents. Because the role of serotonin is to make us feel calm and at peace, when 
it is at a low level, and our reactions are controlled by the emotional amygdala rather 
than the reasonable frontal lobes, adolescents could be subjected to dramatic swings 
in mood, experiencing extreme highs and lows. Therefore, there is a logical 
correlation between levels of serotonin and high depression rates in adolescence. 
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Serotonin is also involved in memory, sleep, control of appetite, and regulation of 
body temperature.  
 
Some adolescents participate in behaviour that many adults judge as reckless, 
dangerous, or silly. They are doing it partly because risk and danger reward the brain 
by triggering dopamine. Teenagers have fluctuating levels of dopamine compared to 
adults (Arain et al., 2013; Guare et al., 2013; Seigel, 2014a, 2014b). This may increase 
the need for extra stimulation through risk taking to get the same level of pleasure 
an adult would get from a less risky activity (Underwood, 2006). Novelty, especially 
when attached to the thrill of danger (risk-taking), produces intense feelings of 
pleasure because of the stimulation of the reward neurotransmitter dopamine, 
which tempts even the cautious and prudent. It is believed that the neurons that are 
affected by this response are the same ones that are affected by cocaine (Park, 2008). 
Risk-taking therefore provides a rush or a natural drug-type high. This situation is 
further complicated because levels of the calming neurotransmitter serotonin seem 
to decline during adolescence (Arain et al., 2013; Armstrong, 2016; Guare et al., 
2013). At the same time, the prefrontal cortex, the part of the brain that thinks 
through the consequences of actions, is still under construction, so decision-making 
is being controlled by the emotional amygdala. This imbalance between amygdala 
and frontal lobe control may explain the risk-taking behaviours witnessed during 
adolescence. This imbalance also explains, in part, why some adolescents respond in 
the way they do to specific circumstances. Adolescents are at the mercy of the 
amygdala and will likely react explosively, slamming things and storming off. In this 
case, the adolescent brain is responding more impulsively when compared to a 
logical or measured interpretation by the adult brain (Arain et al., 2013). There is less 
impulse control with some adolescents reacting impulsively rather than thinking 
reflectively. The amygdala has essentially hijacked the prefrontal cortex.  Therefore, 
there is the need for teachers and parents to help adolescents to anticipate a risky 
situation, to recognise the consequences and to practise impulse control until their 
brain is fully developed – to, in effect, become their adolescents’ prefrontal cortex.  
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Knowledge of the action of dopamine and serotonin, and an understanding of how 
this impacts on adolescent behaviour and learning, is therefore essential for 
teachers, and will allow for the better management of the adolescent learning 
environment. 
 
Pedagogical Practices and Learning Tools Handbook 
Brain research, of course, is not unproblematic. Jensen (2012) suggests that “brain 
research proves nothing. There is no body of brain-based research that justifies every 
strategy of … good teaching” (para. 10). He goes on to say that teachers should not 
be saying “the brain research proves” but rather “these studies suggest that XYZ may 
be true about the brain. Given that insight, it probably makes sense for us, under 
these conditions, to use the following strategies in schools” (E. Jensen, 2012, 
para.11). Using the brain research as a starting point, key learning issues can be 
identified and correlations to learning tools and pedagogical practices can be made.  
 
Some authors suggest that teachers cannot draw explicitly stated strategies or 
pedagogical practices from brain research and advise caution in applying 
neuroscience findings to teacher and classroom practice (Geake, 2009; McAteer, 
2010; Sousa, 2006; Sylwester, 1995; Szucs & Goswami, 2007; Wolfe, 2001). Because 
brain research is generally conducted in laboratories and not classrooms it is argued 
to have limited application to the classroom. However, neuroscience has made 
progress in understanding how the brain learns and has opened a dialogue to explore 
opportunities to inform practice. It could explain why some traditional and current 
practices are effective. It has provided teachers with a better understanding of 
current instructional practices. Brain research has the potential to offer useful 
applications for educational practice, especially in relation to understanding 
memory, information processing and retention. It has helped to strengthen and 
consolidate existing practices and build on the conclusions of existing knowledge. 
Zadina (2015) acknowledges that direct implications may still not be possible in all 
cases, but  suggests that the body of literature that has developed over the last 
decade is substantial enough to inform education by recognising: 
• The importance of early language learning for later language learning.  
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• The impact of poverty and low socio-economic status on achievement gaps. 
• That dual language instruction is beneficial to memory and executive function. 
• That learning to play a musical instrument has positive effects on the brain and 
learning in the areas of enhanced selective attention, greater proficiency in 
second language learning, enhanced creative thinking, and memory.  
• That later start times support the difference in adolescent sleep patterns (p. 27). 
 
Bowers (2016), on the other hand, is resolute in his view that “there are no current 
examples of neuroscience motivating new and effective teaching methods [and] … 
neuroscience is unlikely to improve teaching in the future” (p. 600). Before exploring 
his argument more fully, it is interesting to note that the title of his article is ‘The 
practical and principled problems with educational neuroscience’, but his argument 
is limited to neuroscience. The difference in how these terms are applied in the 
literature was presented in the previous chapter. Bowers (2016) provides two 
arguments to support his opinion. The first is a practical argument that echoes Bruer, 
claiming that because cognitive capacities of students are more easily characterised 
by behavioural measures than brain measures, insights are rarely offered beyond 
psychology. He argues this from two perspectives, both of which were introduced in 
the previous chapter. The first is that educational neuroscience has nothing new to 
add to teaching. Bowers (2016) suggests that most of what is offered as 
recommendations from neuroscience are obvious, trivial or long understood as 
providing examples of the claim that the brain is plastic. He argues that teachers 
already understood that learning continues throughout life and therefore that the 
brain changes whenever learning takes place. He provides a second example to 
support his argument by stating that it has been long understood that stressed or 
fearful students are poor learners. The second perspective suggests a lack of 
usefulness in classroom application. Gabrieli (2016) addresses this by stating 
“conceptualising education as being simply about teaching in the classroom 
underestimates the major goal of education, which is to help all children flourish in 
their learning” (p. 614).  
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The second is described as a principled problem. Neuroscience cannot confirm 
whether remedial instruction should address underlying deficits or promote non-
impaired skills (Bowers, 2016). When assessing the success of any intervention, the 
relevant issue is whether learning has occurred, which can only be reflected in 
behaviour. 
 
I agree with Willis (2007b) who suggests that brain research has provided teachers 
with a better understanding of current instructional practices and that for now, “a 
combination of the art of teaching with the science of neuroimaging will best guide 
teachers in finding the more neuro-logical ways to maximise learning” (p. 6). 
Although brain research may not yet tell us how to teach, it has the potential to 
inform teaching, learning and education. 
 
Conclusion 
Research about the brain’s operation during adolescence is still a relatively new field. 
Researchers do know more about the brain during adolescence than they have 
previously known, but this is still an emerging field of research. Neuroscience has 
confirmed that adolescent brains are still under construction and changes in the 
brain do impact on behaviour and learning. Adolescence is a key developmental stage 
and as such teachers need to see adolescents as a distinct group of learners and 
should tailor their teaching to meet the social, emotional and educational needs of 
this group of learners. Educational neuroscience is generating new knowledge that 
has the potential to improve educational practice, and continues to reinforce good 
practice by helping teachers to understand how the brain responds to different 
learning experiences and environments, and why some existing teacher practices 
work with adolescent learners in mainstream classrooms. 
 
Section 1 identified the useable knowledge for teachers from brain research. It 
summarised what teachers need to know about the brain, explored how the brain 
learns and developed an appreciation of the essential understandings of adolescents. 
It has specifically examined research which can inform teaching practice about 
memory - specifically working memory - information processing, and attention. 
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Researchers now know more about the maturing of the emotional and rational brain, 
the role of sleep in learning, and about the importance of sense and meaning making 
for memory making and retention. This knowledge has the potential to inform 
teacher practice and improve the educational experience and success of adolescent 
students, and underpins the development of the PowerPoint slides, presenter notes 
and the Pedagogical Practices and Learning Tools Participants’ Handbook. 
 
Section 2 is the workshop PowerPoint slides and presenter’s notes for the ‘Crazy by 
Design’ Teacher Workshop.  
 
Section 3 is the Pedagogical Practices and Learning Tools Handbook. It was developed 
to support teacher learning commenced in the ‘Crazy by Design’ Workshop. It is a 
collection of pedagogical practices and learning tools that follow from brain research 
and that have application to an adolescent learning environment. It has been 
developed to support teachers in translating the workshop learning into classroom 
practice. 
 
Section 4 is a summary of the workshop evaluations from the 2012 Teacher Learning 
Workshop conducted at PHS.  
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Section 2: ‘Crazy by Design’ Teacher Learning Package PowerPoint Slides and 
Presenter Notes 
Following are the PowerPoint slides for the ‘Crazy by Design’ Teacher Learning 
Package. The slides are organised into the three broad sections outlined previously: 
• The brain 101 … for teachers – building teacher’s basic neuroliteracy of the brain 
and brain research. 
• How the brain learns - exploring how the brain learns by examining the 
information processing model. 
• Essential Understandings of Adolescence - investigating what makes an 
adolescent so different and why they act a little ‘crazy’ by examining, what I call, 
the ‘essential understandings of adolescence’. 
 
The background research that underpins the presentation for each slide has been 
provided previously. Where an additional workshop activity is used to enhance 
teacher learning, notes are included. The slides that follow do not include the slides 
that include administrational our house keeping activities such as acknowledgement 
of country, information about toilets, morning tea, evaluation, etc.  
 
A copy of the Pedagogical Practices and Learning Tools Handbook and suggested 
reading list are also provided. In this handbook you will find a collection of ‘how to’ 
sheets to support you in implementing some of the pedagogical practices and 
learning tools that seem to match with what the brain research is implying and with 
what we are learning about the adolescent learner we will explore today. 
 
In both the PowerPoint slides and the Pedagogical Practices and Learning Tools 
Handbook several images have been used for teaching, giving instruction and to 
illustrate a point about the content being taught. All images are referenced both on 
the PowerPoint slides and in the Pedagogical Practices and Learning Tools Handbook. 
Neither the PowerPoint slides or the Pedagogical Practices and Learning Tools 
Handbook are for commercial use. 
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PowerPoint slide 1 
 
Image (Richard, 2008) 
PowerPoint slide 8 
 
Image  (Bop, 2012; Vella, 2012) 
 
• Today, we are not talking about the 
impact of hormones or the process of 
puberty. 
PowerPoint slide 9 
 
Image (Richard, 2008) 
 
• We are focusing on the brain and 
what we can learn about it that will 
help us in our classrooms and 
specifically with our adolescent 
learners. 
• We are doing that because many 
teachers don’t know much about the 
brain and how it learns. Learning 
about the brain for many of us, was 
not a part of our teacher training. 
• Let’s test that theory … Quick 
Audience Poll – Who participated in a 
course during your teacher 
preparation about the brain and how 
it learns (not psychology but 
neuroscience or cognitive 
neuroscience)? 
PowerPoint slide 11 
 
 
• We know the quality of the teaching 
is what makes a difference to the 
educational experience of our 
students … 
WORKPLACE PROJECT 1 
191 
  
PowerPoint slide 12 
 
 
• We know we do a better job when we 
know our students well … 
PowerPoint slide 13 
 
 
… and we know that central to our job is 
the provision of the very best educational 
experience for our students. 
PowerPoint slide 14 
 
 
• Today, I aim to build your knowledge 
of the brain and your understanding 
of the implications of developmental 
changes during adolescence on the 
learning process and behaviours of 
adolescent students. 
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Part One: The brain 101 … for teachers 
PowerPoint slide 15 
 
Image (Administrator, 2011) 
PowerPoint slide 16 
 
PowerPoint slide 17 
 
Image (Richard, 2008) 
PowerPoint slide 18 
 
Image (Bhark, 2012) 
 
• The brain is plastic. This is because it 
has the capacity to change because of 
its experience with the world. 
• The brain is the only organ in the 
body that changes as a result of its 
experience with the world (Wolfe, 
2011). 
PowerPoint slide 19 
 
 
PowerPoint slide 20 
 
Multimedia (Sousa, 2013) 
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• Every teacher is a brain changer.  That 
is a powerful statement. You don't 
change your spleen or your liver 
because of what you experience. But 
because the brain is plastic, learning 
causes it to change, therefore 
teachers seek to change the brain of 
every student in their class, every 
lesson. 
• Teaching is the only profession that 
changes the human brain, minute by 
minute, day by day. 
• The more we know about how it 
works, the better we will be at 
changing it. 
 
Note: These two slides provide an 
example to draw on later during the 
workshop (Slide 55) by engaging in 
learning through more than just one 
sense … in this example we used talking, 
reading and viewing. 
PowerPoint slide 21 
 
Image (GoodFon.su, 2011) 
 
• When a baby is born, the baby's brain 
is about half a kg in weight, but it 
already has 100 billion neurons and 
those 100 billion neurons, for all 
practical purposes, will be the same 
100 billion neurons they have when 
they die. 
• A baby begins to build a brain from 
the moment of conception.  
• By about 28 weeks, or seven months, 
in utero, the baby's brain has 
overdone its job and over-
proliferated the neuron 
development. In fact it has made 
about twice as many neurons as it 
will need when it is born (Graham, 
2011).  
• In the last two months of foetal 
development, genetically 
programmed cell death takes place.  
PowerPoint slide 22 
 
Image (Space and Intelligence, 2016) 
 
• How big is 100 billion? It’s about 
sixteen times the number of people 
on this planet and about the number 
of stars in the Milky Way. 
• Because a single neuron may connect 
with between 1000 – 10 000 other 
cells it’s possible to have one 
quadrillion (1 000 000 000 000 000) 
(that is a one with fifteen zeros) 
connections in a human adult brain. 
 
WORKPLACE PROJECT 1 
194 
• This happens in every baby's brain, 
with normal development.  
• The brain prunes or cuts away half of 
the neurons that it has developed.  
• In the last two months before you 
were born, you lost half your brain 
cells. And that is a normal process.  
• Basically, from this point forward you 
do not lose any more brain cells, 
unless you are unfortunate enough to 
have some neurological disease like 
Alzheimer's.  
• Learning and brain growth is not a 
matter of growing more brain cells. It 
is about building connections. This is 
an important thing to know as 
teachers. 
PowerPoint slide 23 
 
Image (HD Wallpapers, nd) 
PowerPoint slide 24 
 
Image (The BrainBank, 2016) 
 
Activity: Introduce the structure of a 
neuron and model how neuron’s work 
using giant neurons. 
 
• The soma which contains the cell’s 
nucleus, short projections called 
dendrites and a single axon, usually 
covered with myelin (Wolfe, 2001).  
• The axon is the transmitting end of 
the neuron (Wolfe, 2001) 
• The dendrite is the receiving end 
(Wolfe, 2001). 
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PowerPoint slide 25 
 
Multimedia from (bmedinago, 2007) 
 
• Media presentation to reinforce 
learning about neurons and introduce 
synapses. 
PowerPoint slide 26 
 
Image (Premed HQ, nd) 
 
• Glial cells hold the neurons together 
and act as filters of harmful 
substances. 
PowerPoint slide 27 
 
Image (Sreelakshmi, 2015) 
PowerPoint slide 28 
 
Image (MedicalTerms.info, 2014) 
 
• Repeated use strengthens 
connections and makes them 
permanent (Koehler, 2003). 
Metaphor = country road to super 
highway. 
• At about two years of age, and again 
during adolescence, the brain has an 
oversupply of connections, networks 
and pathways - some are inefficient, 
and some are no longer used.  
• During adolescence, every part of the 
brain is pruned. 
• Feinstein (2009) reports that fifteen 
percent of synaptic connections are 
pruned during adolescence using a 
use-it-or-lose-it (Feinstein, 2009; 
Payne, 2010; Strauch, 2003) system. 
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PowerPoint slide 29 
 
Image (Jeff, 2016) 
 
• Warning Will Robinson … controversy 
about the occur – All brains are 
created equal! 
PowerPoint slide 30 
 
Image (Frational Blog, 2013) 
PowerPoint slide 31 
 
Image (eHow, nd) 
 
Activity: Foot circle and finger figure 
eight activity. 
 
• The brain can only pay attention to 
one cognitively challenging task at a 
time … therefore we cannot multi-
task … but more of that later. 
PowerPoint slide 32 
 
Image (Koch, nd) 
 
• The cerebellum is coloured purple in 
this image for ease of identification – 
it is not really that colour. 
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PowerPoint slide 33 
 
Image (ClipArt ETC, 2004; Hossler, nd) 
 
• The major wrinkles and folds are 
common to all brains. 
• The folds form a set of four lobes in 
each hemisphere. 
PowerPoint slide 34 
 
Image (MYF, 2008; Shelat, 2011) 
 
Activity: Demonstrate size by showing a 
pillow case/double page piece of 
newspaper and model how the wrinkles 
form by pushing into a bicycle helmet. 
PowerPoint slide 35 
 
Image (MDHealth.com, 2016) 
 
Activity: Which end is the front?  
• Is this brain facing left, or right? – 
Click for nose to be added on next 
slide as answer is revealed. 
PowerPoint slide 36 
 
Image (Chugh, 2012; MDHealth.com, 
2016) 
 
• This brain is facing to your right. 
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PowerPoint slide 37 
 
Image (The Brain Wizard, 2008) 
PowerPoint slide 38 
 
Image (The Brain Wizard, 2008) 
PowerPoint slide 39 
 
Image (The Brain Wizard, 2008) 
PowerPoint slide 40 
 
Image (The Brain Wizard, 2008) 
PowerPoint slide 41 
 
Image (SharpBrains, 2008) 
 
• It is the prefrontal cortex of the 
frontal lobe that is the most 
important part of the brain for us as 
adolescent educators. 
• More of that later …. 
PowerPoint slide 42 
 
 
Resources: 
• Party mask 
• Ten balloons 
• Toilet roll or equivalent size piece of 
pipe 
• 30 cm of rope 
• Marker 
• Post it note 
• Sticky tape 
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Photograph 3.1 
Model brain constructed during a workshop  
 
(Plumridge, 2012) 
Activity: Model Me A Brain 
Your model should show: 
• the brain stem and spine 
• the cerebellum 
• the four lobes 
• the prefrontal cortex (PFC) 
• the front of the brain 
PowerPoint slide 43 
 
Image (Knapp, 2003) 
PowerPoint slide 44 
 
Image (Karolinska Institutet, nd) 
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PowerPoint slide 45 
 
Image (Durham Tech, 2009; Knott, 2010) 
PowerPoint slide 46 
 
Image (Coffee Mug, 2006; White, 2011) 
 
• The hippocampus is the brains 
librarian, knowing where to find 
memories. 
• There is exciting emerging research 
about cells in the hippocampus. This 
includes discoveries about new cell 
generation (neurogenesis) and stem 
cells.  
• Research about Alzheimer’s, which 
progressively destroys neurons (brain 
cells) in the hippocampus resulting in 
memory loss and alcohol studies, 
have found that the hippocampus’s 
capacity (size) shrinks with alcohol 
abuse (and the hippocampus is all 
about memory). 
• Adolescents are less sensitive to the 
effects of alcohol and so can drink 
more without feeling intoxicated. 
Typically consuming two to three 
times as much alcohol for their body 
weight as adults.  
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PowerPoint slide 47 
 
Multimedia (The Official Pat and Stan, 
2012) 
 
1:04 minutes 
 
An example of using novelty to help make 
new learning more memorable. Also, an 
example of how novelty can address 
mental fatigue. 
PowerPoint slide 48 
 
Image (The Idea People, 2011) 
 
• The amygdala is packed full of the 
neurotransmitter dopamine and it 
uses this dopamine as post-it notes - 
getting the brain to put a chemical 
post-it note on a given piece of 
information is what every teacher 
wants.  
• Students need to know what needs 
post-it noted (Learning intentions). 
This is particularly important for the 
adolescent learner because of the 
restructuring of the PFC. 
PowerPoint slide 49 
 
 
Activity: ‘Fist for a brain’ model 
1. Extend both arms with palms open 
and facing downwards 
2. Lock your thumb 
3. Curl your fingers to make two fists 
4. Turn your fists inward until the 
knuckles touch 
5. While the fists are touching, pull both 
toward your chest until you are 
PowerPoint slide 50 
 
Image (College Candy Staff, 2008; 
Wordlab Clinic, 2010) 
 
Activity: Treasure Hunt 
• Provide each table with the treasure 
hunt pictures, large paper, marking 
pens of various colours, and glue. 
• The task is to put all the items 
together in a concept map of the 
brain 
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looking down on your knuckles. This is 
the approximate size of your brain! 
Not as big as you thought? 
Remember, it’s not the size of the 
brain that matters; it’s the number of 
connections between the neurons. 
6. The thumbs are at the front and are 
crossed to remind us that the left side 
of the brain controls the right side of 
the body and the right side of the 
brain controls the left side of the 
body. The knuckles and the outside 
part of the hands represent the 
cerebrum or thinking part of the 
brain. 
7. Spread your palms apart while 
keeping the knuckles touching. Look 
at the tips of your fingers, which 
represent the limbic or emotional 
area. Note how this area is buried 
deep within the brain, and how the 
fingers are mirror-imaged. This 
reminds us that most of the 
structures of the limbic system are 
duplicated in each hemisphere. 
 
The wrists are the brainstem where the 
vital body functions (such as body 
temperature, heartbeat, blood pressure) 
are controlled. Rotating your hands 
shows how the brain can move on top of 
the spinal column, which is represented 
by your forearms. 
• Share through a gallery walk. 
PowerPoint slide 51 
 
Image (Westside Internal Medicine, 2016) 
 
PowerPoint slide 52 
 
Multimedia (ctdalilah, 2006) 
 
1:22 Minutes 
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• Distribute Pedagogical Practices and 
Learning Tools Handbook.  
• Draw attention to Treasure Hunt 
learning tool on page 43  
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Section Two: How the brain learns 
PowerPoint slide 56 
 
Image (Rosu, nd) 
 
• Several models existed throughout 
the history of education to describe 
learning and cognitive processes. 
• Models are simplified representations 
of processes and therefore 
inadequately represent the 
complexity of the biological system of 
learning. 
• The model I have chosen to explain 
how the brain learns was designed for 
educators and concentrates on the 
way the human brain collects, 
evaluates, stores and retrieves 
information for learning. It simplifies 
the learning processes of the brain, 
representing the parallel and 
simultaneous processing in a linear 
fashion and reduces a very complex 
biological process to a simple 
mechanical process.  
• This model is named the Information 
Processing Model. It describes how 
the brain sorts and prioritises 
information collected through a 
process of initial processing and then 
stores knowledge for later retrieval. 
PowerPoint slide 57 
 
Image (Abram, 2015) 
 
• The brain uses the five senses to take 
in more information in one day than 
the largest computer takes in during 
one year (Sousa, 2006).  
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PowerPoint slide 58 
 
Image (Coffs Harbour Blinds and Awnings, 
2016; Home Blinds Australia, 2014) 
PowerPoint slide 59 
 
Image (Holder, 2014) 
PowerPoint slide 60 
 
Image (Green, 2016) 
 
• We don’t multi-task - we task shift … 
and some of us are very skilled at this 
and can do it very quickly. 
• However, this is not an efficient way 
to work and it is not an efficient way 
to learn because to learn we need to 
concentrate on something cognitively 
challenging and we can only pay 
attention to one thing at a time. 
PowerPoint slide 61 
 
Image (Ogundimu, 2016) 
 
• Cooking Analogy – if you take your 
attention off the bubbling pot at the 
front to stir and taste the one at the 
back, the front pot boils over and now 
not only do you have a mess to clean 
up, but now you don’t have enough 
food for an appetising dinner. 
• You can only concentrate on one 
thing at a time. 
• Yes, most of us can walk and chew 
gum at the same time, but those 
things don’t require our attention, 
they are not cognitively challenging. 
• It’s about cognitive load … anything 
that requires you to pay attention, 
will take your attention.  
• People walking and talking on the 
phone, run into things, trip or cross 
the road without seeing the 
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approaching car. Therefore, you can’t 
text and drive at the same time. 
PowerPoint slide 62 
 
Multimedia (Devin, 2010) 
 
0:53 minutes 
 
Key Messages:  
• The more we split our attention, the 
less efficient we are. 
• Switching time – time it takes the 
brain to switch between activities. 
• Studies have shown that switching 
between tasks increased time it took 
to complete the tasks by up to 25%. 
PowerPoint slide 63 
 
Multimedia (Connect With Kids, 2011) 
 
1:55 minutes 
 
Key Messages:  
• Trying to concentrate on two or more 
things at once creates a lack of focus 
and an inability to pay attention. 
PowerPoint slide 64 
 
Multimedia (National Safety Council, 
2011) 
 
1:30 minutes 
 
Key Messages:  
• The brain is a sequential tasker not a 
multitasker. 
PowerPoint slide 65 
 
Image (Rebrn, 2015) 
 
Revision and wrap up 
• The brain is always paying attention.  
• However, the brain only learns from 
what it focuses on and consciously 
pays attention to.  
• Attention results from focussed 
concentration. This must be sustained 
long enough to allow the processing 
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• It cannot do two cognitively 
demanding things at the same time – 
it must choose one. 
of information to be completed, and 
balanced with intervals of rest to 
provide an opportunity for the brain 
to strengthen newly formed 
connections and consolidate learning. 
• Can you name some examples of 
where I have done this? 
PowerPoint slide 66 
 
Multimedia (Simons, 2010) 
 
1.41 minutes 
PowerPoint slide 67 
 
Image (Manning, 2016) 
PowerPoint slide 68 
 
Image (Pixelmutt, 2011) 
PowerPoint slide 69 
 
Image (Williams, 2011) 
PowerPoint slide 70 
 
Image (Alegri, 2010) 
PowerPoint slide 71 
Image (Daily Mail Staff Writer, 2012; 
Horovitz, 2014) 
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Illustrate how immediate memory works 
using these examples (Sousa, 2006): 
• When you look up the telephone 
number of the local pizza shop you 
can usually remember the phone 
number for just long enough to make 
the call. After that, the number is of 
no further importance and drops out 
of your immediate memory. 
• You are sitting in a classroom and a 
fire engine with its siren wailing 
passes by. Experience reminds you 
that this is an important sound. 
Signals from the sensory register pass 
the auditory signal over to immediate 
memory. If over the next few seconds 
the sound of the siren gets fainter, 
experience signals the immediate 
memory that the sound is of no 
further importance and the auditory 
data are dropped from the system. All 
this is happening subconsciously 
while your attention is focused on 
something else. If asked about the 
sound fifteen minutes later, you will 
not remember it. You cannot recall 
what is not stored (Sousa, 2006). 
• Suppose on the other hand, that the 
siren sound gets louder and suddenly 
stops, followed by another siren that 
gets louder and stops.  
• Experience will now show that the 
sounds are important because they 
are nearby, may affect your survival 
and therefore require your attention 
(Sousa, 2006).  
 
This example also illustrates the 
brain’s hierarchy of response. Any 
input that is of higher priority 
diminishes the processing of the data 
of the lower priority. The brain’s main 
function is to help its owner survive. 
Thus, data interpreted as posing a 
threat to the survival of the 
individual, such as a burning odour, a 
snarling dog, or someone threatening 
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bodily injury, are processed 
immediately. 
PowerPoint slide 72 
 
Image (Khan, nd) 
 
• You don’t want to learn that sabre 
tooth tigers will eat you, or that 
stepping in front of a moving bus is 
bad for your health, new again every 
day. 
PowerPoint slide 73 
 
(Lind, 2011; Pratan, 2014) 
 
• Strong emotional experiences are 
encoded next based on the hierarchy 
of response. 
• We tend to remember the best and 
worst of things that happened to us. 
PowerPoint slide 74 
 
(Study Island, 2015) 
PowerPoint slide 75 
 
Image (Alegri, 2010) 
PowerPoint slide 76 
 
Image (Micronova Infotex Pty Ltd, 2007) 
PowerPoint slide 77 
 
Multimedia (Volkswagen, 2009) 
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1:42 minutes 
PowerPoint slide 78 
 
Image (Sierra, 2005) 
 
Activity: 
• Share the driving to work story 
• What makes the learning experience 
of your classroom memorable, and 
not just another ‘drive to work’? 
PowerPoint slide 79 
 
Image (Tidyhouse, 2016) 
PowerPoint slide 80 
 
Image (Noonan, Redmond, & Archibald, 
2014) 
Activity: 
• Working outside the capacity of the 
working memory of the brain 
undermines the ability to remember 
what has been taught.  
• Let’s test this … Get a pencil and a 
piece of paper. 
• I am going to show you a number and 
I want you to try and remember it. No 
cheating … you are not allowed to 
write it down. 
• Ready? 
 
PowerPoint slide 81 
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Note: This activity based on an example 
from (Sousa, 2006). 
PowerPoint slide 82 
 
Image (GoGraph, nd) 
PowerPoint slide 83 
 
 
• Check your number.  
• Chances are you got it right. 
• Let’s try it again with the same rules. 
• Work at remembering the number 
displayed on the next slide. I’ll display 
it for about seven seconds again. 
• Ready? 
PowerPoint slide 84 
 
PowerPoint slide 85 
 
Image (GoGraph, nd) 
PowerPoint slide 86 
 
 
PowerPoint slide 87 
 
Image (Rundell, 2010) 
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• Check your number. 
• Did you get all ten of the digits in the 
correct sequence? 
• Probably not … because the digits are 
random, you had to treat each digit as 
a single item and your working 
memory just ran out of functional 
capacity. 
• This limited capacity explains why we 
must memorise a song or poem or 
speech in stages. We start with the 
first group of lines by repeating them 
frequently (a process called 
rehearsal). Then we memorise the 
next lines and repeat them with the 
first group, and so on. 
• Why such limitations? … not sure … 
maybe our ancestors only had to 
process or identify one or a few 
things at a time. Maybe they didn’t 
have to make more than one split 
second decision at a time. Even in 
fight-or-flight situations there was 
probably only one enemy or predator 
at a time.  
• Today, however, people are often 
trying to do several things at once 
during their workday, making 
memory capacity limits more obvious. 
• It is possible to increase the number 
of items within the functional 
capacity of working memory through 
a process called chunking. 
• People chunk information so that 
they can extend the capacity of their 
working memory. 
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PowerPoint slide 88 
 
 
Activity: 
• This sentence has 22 letters, but only 
five chunks (or words) of information.  
• Because the sentence is one 
complete thought, most people treat 
it as just one item in working 
memory. 
• In this example, because of your past 
experiences in grandpas and apples, 
22 bits of information become one 
chunk. 
• On the next slide is some more 
information that we will add to this 
first chunk. 
• You have ten seconds to add it to 
your working memory and retrieve it 
afterwards.  
 
Note: This activity is based on an example 
from (Sousa, 2006). 
PowerPoint slide 89 
 
PowerPoint slide 90 
 
Image (GoGraph, nd) 
 
PowerPoint slide 91 
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• Recall the two sentences. 
• Having trouble with the second? That 
is because the words make no sense 
and working memory is treating each 
of the thirteen letters and three 
spaces as sixteen individual items 
(plus the first item as one for a total 
of seventeen). The four-item 
functional capacity range of the 
working memory is quickly exceeded.  
• Let’s rearrange the letters in each 
word of the second sentence and try 
again. 
PowerPoint slide 92 
 
Image (GoGraph, nd) 
 
• Can you recall the two sentences? 
Write them down in the correct 
sequence and groupings. 
PowerPoint slide 93 
 
Image (Holman, 2013) 
 
• Check your results.  
• Here is another example. Grab a 
pencil and get ready. Work at 
remembering the information on the 
following page. You need to 
remember the information in the 
correct sequence and groupings. 
• You have ten seconds.  
• Ready? 
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PowerPoint slide 94 
 
 
 
PowerPoint slide 95 
 
Image (GoGraph, nd) 
 
• Check your results. 
PowerPoint slide 96 
 
 
• Did you get all the letters in the 
correct sequence and groupings? 
• Probably not, but that’s OK. 
• Let’s try again. 
• Same rules: Ready? 
PowerPoint slide 97 
 
PowerPoint slide 98 
 
Image (GoGraph, nd) 
 
• Check your results. 
PowerPoint slide 99 
 
 
• Most people do much better on this 
example.  
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• How did you do this time? • Now let’s compare the two examples. 
PowerPoint slide 100 
 
 
• Note that the letters in both 
examples are identical and in the 
same sequence. 
• The only difference is that the letters 
in the second example are grouped – 
or chunked – in a way that allows past 
experience (reference or real) to help 
the working memory process and 
hold the items.  
• Some of you may have chunked in 
this way yourself … others needed to 
be shown the pattern …. like our 
students often do, as they don’t have 
the KLA experience or background to 
do so for themselves. 
• Working memory usually sees the 
first example as fourteen letters plus 
four spaces or eighteen items – much 
more than its functional capacity.  
• But the second example is quickly 
seen as five understandable items 
(the spaces no longer matter as they 
aid in making sense of the 
information) and thus, within the 
limits of working memory’s capacity. 
• Therefore, it is important to explicitly 
teach how to chunk, to see and make 
connections, and to revisit past 
learning to build more connections, 
to do something active with 
information to build connections and 
pathways that allow chunking and to 
go deeper not broader (rigour). 
PowerPoint slide 101 
 
Image (Panda, 2014) 
 
• Novelty 
• Chunking 
• Functional capacity of working 
memory 
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• What can we learn about our learners 
from this example? 
• The more expert a person becomes in 
an area, the more easily they can see 
the connections, the patterns and the 
organisation of ideas and therefore 
relationships within and between 
chunks. For example, expert readers 
take in phrases, not single letters, 
expert musicians recall long passages, 
not single notes. (In our KLA’s we see 
many chunks that our students don’t 
have yet, because we are experts. We 
need to be mindful of this and to 
carefully use teaching strategies to 
help our students to chunk 
information). 
• More experience provides more links 
on which to build chunks. 
 
Note: This activity is based on an example 
from (Sousa, 2006) 
PowerPoint slide 102 
 
Image (Westside Internal Medicine, 2016) 
 
• Refer participants to the pedagogical 
practices, learning tools handbook for 
information on chunking – pages 13, 
67 and 70. 
PowerPoint slide 103 
 
Image (Artaviemil, 2016) 
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PowerPoint slide 104 
 
Image (V. Foster & Van Ollefen, nd) 
PowerPoint slide 105 
 
Image (Randomness, 2007) 
 
Activity: 
• Let’s try a simple activity to illustrate 
this point.  
• You will need a pencil. There are ten 
answers, so go ahead and write the 
numbers one to ten down your page. 
• I’m going to give you twelve seconds. 
• You need to look at the following list 
of ten words. Like the other activities 
we have done today … try and 
commit the list to memory in the time 
I give you … if you can’t remember 
the eighth word, but you remember 
the ninth, leave line eight blank and 
write on line nine. 
• Ready? 
 
Note: This activity is based on an example 
from (Sousa, 2006). 
PowerPoint slide 106 
 
 
PowerPoint slide 107 
 
Image (GoGraph, nd) 
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PowerPoint slide 108 
 
 
• How did you go? 
• To be correct, the ‘words’ must be 
spelled correctly and be in the proper 
position on the list. 
• Is there a pattern to the words you 
got correct? 
• Chances are you remembered the 
first three to five words and the last 
one to two, but had difficulty with the 
middle words. 
PowerPoint slide 109 
 
Image (Steve, 2016) 
PowerPoint slide 110 
 
Image from (Sousa, 2006, p. 90) 
PowerPoint slide 111 
 
Image (Panda, 2014) 
 
• Closure 
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PowerPoint slide 112 
 
Image (Westside Internal Medicine, 2016) 
 
• Refer participants to the pedagogical 
practices, learning tools handbook for 
information on closure – pages 73-80. 
PowerPoint slide 113 
 
Image (College Guild, 2016) 
 
• In this example, the teacher tells the 
students how much quiet time they 
have for the cerebral summarising to 
occur and identifies the overt activity 
(discussion) that will be used for 
students’ accountability.  
PowerPoint slide 114 
 
Image (Quote Fancy, 2016) 
 
• No one pedagogical practice or 
learning tool exists that is best for all 
students all the time. 
• We do know, however, that memory 
does matter and one of the best ways 
to measure memory is by retention.   
• Educational research strongly 
supports the use of a variety of 
activities that promote active student 
engagement in the learning process 
as a way of improving retention. 
PowerPoint slide 115 
 
Image (Files, 2016) 
WORKPLACE PROJECT 1 
221 
PowerPoint slide 116 
 
Image (Holloway, 2013) 
PowerPoint slide 117 
 
Image (Schiffer, 2012) 
 
• Does the image on this slide make 
sense to you? Does it have any 
meaning? – It’s a model designed to 
represent the reptilian part of the 
brain. 
PowerPoint slide 118 
 
Image (Cool Optical Illusions, 2007) 
 
Activity: 
• Let’s have a look at another example 
… does this illustration make sense or 
have meaning for anyone?  
• You may have difficulty at first seeing 
anything but spots.  
• With a little diligence you will 
eventually see the image of a dog, 
more specifically, the image of a 
Dalmatian. (He is a bit to the right of 
centre. His head is down, and it is 
sniffing the ground or drinking from a 
puddle).  
PowerPoint slide 119 
 
Image (Cool Optical Illusions, 2007) 
 
• Think about what just happened in 
your brain. For some of you, your 
previous experience gave you enough 
information to make connections to 
this new learning. For others you 
needed to be scaffolded – some more 
than other. Some are still not there 
yet – even though you could not see 
the entire dog, your brain accessed 
more and more information until, for 
most of you, the image made sense 
and had meaning, allowing you to 
recognise the Dalmatian.  
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• Once you have seen the dog, it will be 
difficult to not see it.  
• It is almost possible to draw an 
outline around the whole dog, but it 
is discernible nonetheless.  
PowerPoint slide 120 
 
Multimedia (jcorippo, 2015) 
 
2:13 minutes 
PowerPoint slide 121 
 
Image (Dickerson, 2010) 
 
• Past experiences influence new 
learning.  
• They help to make sense out of 
events, to recognise cause and effect 
and to inform decisions. 
• What is already known references 
new learning and helps learners to 
ascribe meaning and sort out learning 
that does not make sense.  
• No two learners have the same data 
in their long-term storage (not even 
identical twins) and therefore no two 
learners perceive new learning in the 
same way.  
• Learners can put the same 
experiences together in many ways. 
PowerPoint slide 122 
 
Image (K and R Coaches, nd) 
PowerPoint slide 123 
 
Image (mrviolette, 2011) 
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• Making connections is very personal. 
• Share the story of the disappointed 
students who thought they were 
going on a coach. 
 
PowerPoint slide 124 
 
 
Activity: 
• Let’s explore how your past 
experiences make sense and provide 
meaning … 
• Close your eyes …  
• What do you see when I say, “An Old 
Bat”? 
• Share your picture with the person 
sitting nearest to you. 
PowerPoint slide 125 
 
Image (Aussie Dave, 2010; Batworlds, 
2013; Strong, nd; Wikipedia, 2016) 
 
• Here are some of the things I see … 
• If we expect students to find 
meaning, we need to make sure 
students are supported to make 
connections to their past experiences, 
not just ours.  
 
PowerPoint slide 126 
 
Image (Panda, 2014) 
 
• Connections 
• Sense and meaning making 
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Image (Westside Internal Medicine, 2016) 
 
• Refer participants to the pedagogical 
practices, learning tools handbook for 
information on tools that support 
building connections and sense and 
meaning making – pages 26-27, 32 
and 73 
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PowerPoint slide 128 
 
Image (Keir, 2011) 
PowerPoint slide 129 
 
Image (Whitwam, 2013) 
PowerPoint slide 130 
 
Image (Are you crafty?, nd) 
PowerPoint slide 131 
 
Image (Hardway Sailing Club, nd) 
PowerPoint slide 132 
 
Image (Rosch, 2010) 
PowerPoint slide 133 
 
Image (Quotes Like, 2003) 
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PowerPoint slide 134 
 
Image (Steel, 2014) 
PowerPoint slide 135 
 
Image (Amery, 2015) 
PowerPoint slide 136 
 
Image (Evans, 2014) 
 
Activity: 
• Let’s summarise what the 
implications are for how we plan 
learning from what we know about 
how the brain learns (allow time for 
teachers to talk in pairs or groups of 
three and then collect some answers). 
PowerPoint slide 137 
 
Image (Westside Internal Medicine, 2016) 
 
• Refer participants to the pedagogical 
practices, learning tools handbook for 
information on retention and 
feedback – pages 9-11 and 71-72. 
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Section Three: Essential understandings of adolescence 
Building connections to personal experience of adolescence 
PowerPoint slide 141 
 
Image (A. Foster, nd) 
PowerPoint slide 142 
 
Image (The Global Language Monitor, 
2014) 
 
• What three words would you use to 
describe adolescents? Write down 
these three words. 
• Turn to the person beside you and 
share with them the three words you 
would use to describe the 
adolescent/s in your life. 
• Collect some responses … 
PowerPoint slide 143 
 
Image (Yayayoy, nd) 
 
• Here is my list … How did I go? 
PowerPoint slide 144 
 
• Do these behaviours remind you of 
another time in a human’s 
development? 
• Collect some responses … 
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PowerPoint slide 145 
 
Image (bklynmom, 2012) 
 
• … the terrible twos. 
• There are a lot of similarities between 
what the brain is doing during the 
developmental time of adolescence 
and the developmental time we have 
called the terrible twos. 
• If you remember how you 
successfully managed a terrible two, 
you will know a lot about how to 
successfully manage an adolescent ... 
but more of that later. 
PowerPoint slide 146 
 
Image (Becker, 2008; Bop, 2012) 
PowerPoint slide 147 
 
Image (van den Broek, 2009) 
 
• Today when we talk about 
adolescents, we are talking in 
generalisations. We must remember 
that everyone is unique and that 
these are trends, not a rulebook. 
• The Lancet Commission on adolescent 
health and wellbeing defines 
PowerPoint slide 148 
 
Multimedia (BBC Worldwide, 2008) 
 
2:48 minutes 
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adolescence as between the ages of 
ten and 24 years. 
PowerPoint slide 149 
 
Image: Researcher’s own school photo 
PowerPoint slide 142 
 
Image: Researcher’s own school photo 
PowerPoint slide 151 
 
PowerPoint slide 152 
 
Image (Marsresident, 2016) 
PowerPoint slide 153 
 
Image (Superintendent: Hickman Mills 
Schools, 2014) 
PowerPoint slide 154 
 
Image (Onland, 2013) 
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PowerPoint slide 155 
 
Image (Clark, 2010) 
PowerPoint slide 156 
 
Image (Bardot & Barker, 2015) 
PowerPoint slide 157 
 
Image (Burke, 2015) 
PowerPoint slide 158 
 
Multimedia (Denahy, 2007) 
 
2:11 Minutes 
 
PowerPoint slide 158 
 
Image (DreamDictionaryNow, 2016) 
 
Activity: 
• Why is it important to know about 
this as educators?  
• Talk to the person closest to you. 
PowerPoint slide 159 
 
Image (donderdag, 2011) 
 
Activity: 
• What emotion do you see here? 
• Adolescents in this study read this as 
anger and often misread and 
incorrectly identified the other facial 
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expressions tested. They more often 
saw sadness, anger or confusion 
instead of fear. If this is generally 
true, this may explain why 
adolescents always seem to be 
fighting with the world. 
PowerPoint slide 160 
 
Image (Mikkelson, 2015) 
PowerPoint slide 162 
 
Image (Mikkelson, 2015) 
PowerPoint slide 163 
 
Image (Sullivan, 2016) 
 
• Why is it important to know about this 
as educators?  
• Talk to the person closest to you 
PowerPoint slide 164 
 
Image (Bates, 2010) 
PowerPoint slide 165 
 
Image (Stendahl, 2012) 
PowerPoint slide 166 
 
Image (Benarousse, 2015) 
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PowerPoint slide 167 
 
Image (Resig, 2014) 
PowerPoint slide 168 
 
Image (Tesar, 2012) 
PowerPoint slide 169 
 
Image (Beeli, 2016) 
PowerPoint slide 170 
 
Image (O'Neil, 2011) 
 
• Why is it important to know about this 
as educators?  
• Talk to the person closest to you. 
PowerPoint slide 171 
 
Image (HD Wallpapers, 2011) 
PowerPoint slide 172 
 
Image (Brown, 2010) 
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PowerPoint slide 173 
 
Image (Hosier, 2014) 
PowerPoint slide 174 
 
Image (SuperStock, 2015) 
 
• Why is it important to know about this 
as educators?  
• Talk to the person closest to you. 
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Section 3: Summary of Workshop Evaluations 
A total of 406 teachers have participated in nine workshops used to build, test, and 
refine the development of the ‘Crazy by Design’ Teacher Workshop presented as 
Workplace Project 1. Not all workshops included the formal collection of participant 
evaluations. Some workshops were presented as one hour ‘taster’ sessions as part of 
whole day conference programs for other purposes, including the Newly Appointed 
Early Career Teachers Welcome and Orientation to the Region Conference, the 
Reading for Understanding in the Middle Years - Action Research Curriculum Project 
and a combined school development day workshop for Black High School, Yellow 
Public School, Green Public School and Red Park Primary School. 
 
This section provides a summary of the participant evaluations from the ‘Crazy by 
Design’ Teacher Workshop presented as Workplace Project 1 at PHS.  
 
The purpose of this evaluation is to determine the effectiveness of the activities, 
characteristics, and outcomes of the ‘Crazy by Design’ Teacher Workshop presented 
at PHS. Questions were designed to measure the effectiveness and impact of the 
workshop in bridging teacher knowledge about the brain research and its 
implications for adolescent classrooms. Questions also collected useful feedback 
about the content, presentation, activities, and outcomes of the workshop to ensure 
the learning presented through the ‘Crazy by Design’ Teacher Workshop was 
implemented successfully. 
 
Participants 
Evaluations were collected from 44 of 98 teachers. All participants were teachers 
employed at PHS at the time of the ‘Crazy by Design’ workshop delivery. Participants 
included casual and temporary teachers, permanent classroom teachers, Head 
Teachers, Deputy Principals and the Principal. 
 
A descriptive evaluation was chosen to provide feedback about the teacher learning 
provided, to determine whether the ‘Crazy by Design’ Teacher Workshop presented 
as Workplace Project 1 at PHS was successful in achieving the anticipated outcomes, 
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and to clarify whether content, presentation, resources and workshop activities 
needed to be adjusted. Data included both qualitative and quantitative information. 
Numerical data was collected using Likert scales which were selected to capture 
estimations of magnitude. Open ended, free response questions were used to gain 
an understanding of underlying reasons, opinions, and motivations. The evaluation 
of the ‘Crazy by Design’ Teacher Workshop presented at PHS was conducted post 
participation and data was collected using a web-based tool as part of the NSW DoE 
MyPL1 portal. This allowed data to be automatically collated for each question and 
ensured confidentiality of each participant. 
 
All participants were asked to complete an evaluation. The completion rate for PHS 
was 45%. Although this may appear to be a low response rate, Baruch and Holtom 
(2008) state “published research suggests a benchmark of approximately 35 - 40 
percent” (p. 1155). The evaluations for the ‘Crazy by Design´ workshops were 
collected as post workshop evaluations using a web-based tool managed through the 
NSW DoE MyPL website. Porter (2018) suggests that online survey response rates 
vary widely and are affected by several factors, including the relationship between 
the workshop presenter and survey respondents, the survey length, the survey topic, 
incentives and reminder emails. Completing the evaluation was not a mandatory 
component of workshop completion and therefore there was little incentive for 
participants to complete it. Reminders were given through the school email platform 
and reminder announcements were made during staff meetings. The evaluation tool 
collected data using 15 questions. Some questions involved free text responses. 
Fryrear (2015) reports that internal surveys will generally have a response rate of 
between 30 - 40%. Taking the on-line format into account, the response rate of 45% 
was high, and most likely reflects a positive relationship between the workshop 
presenter and survey respondents. 
 
High response rates are desirable, but “representativeness is more important than 
response rate” (Cook, Heath, & Thompson, 2000, p. 821). A 100% response may 
overcome biased results that would pose a threat to validity, but a less than 100% 
response rate does not automatically exclude representativeness. For data to be 
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representative it must answer a specific question about a population with a certain 
confidence (Ramsey, & Hewitt, 2005). The evaluation in this case was designed to 
measure the effectiveness and impact of the workshop. I believe that the response 
rate for the ‘Crazy by Design’ workshop was both representative and valid. This 
judgement was informed by the feedback from the eight other workshops used to 
build, test, and refine the development of the ‘Crazy by Design’ workshop, which 
showed significant alignment to the evaluation data from the PHS ‘Crazy by Design’ 
workshop. 
 
Question 1. This question used a 5-point Likert scale – 1 being low and 5 being high 
- to collect data about the extent to which the ‘Crazy by Design’ workshop addressed 
the NSW Teacher Standard 1.2.2 - Apply research-based, practical and theoretical 
knowledge of the pedagogies of the content/discipline(s) taught to meet learning 
needs of students. 
 
Question 2. This question used a 5-point Likert scale – 1 being low and 5 being high 
- to collect data about the extent to which the ‘Crazy by Design’ workshop addressed 
the NSW Teacher Standard 6.2.3 - Engage in professional development to extend and 
refine teaching and learning practices.  
 
These two questions were a mandatory requirement of NSW DoE registered teacher 
learning and had no relevance to my research. The data collected from these two 
questions have not been included in this evaluation. 
 
Question 3. This question used a Yes/No dichotomous key to seek participants’ 
permission to include their responses in the collation of evaluation data for this 
workshop in this Doctorate research, as described in the Participant Information 
Sheet. Only the data from participants who gave permission have been included in 
this evaluation. The data collected from this question has not been reported in this 
evaluation. 
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Questions 4 - 15. These questions included a mix of 5-point Likert scale questions 
and open ended free response questions. Each of these questions have specific 
relevance to this research and are listed in the findings below. 
 
The data from questions 4 - 9 were collated and synthesised to measure the 
effectiveness of the workshop in bridging teacher knowledge about the brain 
research and its implications for adolescent classrooms. The data were collected 
using a 5-point Likert scale which asked teachers to self-report their level of 
knowledge and understanding of the brain, the information processing model and 
essential understandings of adolescents before and after the workshop. For this 
workshop to be evaluated as successful in beginning to reduce the gap in teacher 
knowledge, data had to demonstrate improvement in all three areas. It is recognised 
that one workshop alone cannot successfully bridge the gap in teacher knowledge; it 
can only begin the process. 
 
Data from questions 11 and 12 were collated and evaluated to determine the impact 
of the learning on teacher practice. For teacher learning to be considered as 
successful, data had to identify specific impacts on teacher and classroom practice 
and knowledge and understanding.  
 
Data from question 13 were collated and analysed to measure the success of the 
‘Crazy by Design’ workshop in meeting teacher learning needs. Success was 
measured by the number of teachers who identified that the learning met their 
needs at Likert Scale points 4 and 5. 
 
Data from questions 14 and 15 were collated and analysed to assess the quality of 
the content, resources, and workshop activities and to provide recommendations for 
modifications of the workshop learning.  
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Findings 
Question 4. How would you rate your knowledge and understanding of the brain 
prior to today’s workshop? (44 responses to a 5-point Likert scale – one being low 
and 5 being high) 
 
Table 3.1  
Evaluation Tool 1 - Question 4 Results 
 Low  High 
Likert Scale 1 2 3 4 5 
Responses (Total 44) 6 8 21 7 2 
 
Question 5. How would you rate your knowledge and understanding of the brain 
after participating in today’s workshop? (44 responses to a 5-point Likert scale – 1 
being low and 5 being high) 
 
Table 3.2 
Evaluation Tool 1 - Question 5 Results 
 Low  High 
Likert Scale 1 2 3 4 5 
Responses (Total 44) 1 0 3 23 17 
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Graph 3.1 
Evaluation Tool 1 - Question 4 Results 
 
 
Question 6. How would you rate your knowledge and understanding of the 
information processing model prior to today’s workshop? (44 responses to a 5-point 
Likert scale – 1 being low and 5 being high) 
 
Table 3.3 
Evaluation Tool 1 - Question 6 Results 
 Low  High 
Likert Scale 1 2 3 4 5 
Responses (Total 44) 6 13 19 4 2 
 
Question 7. How would you rate your knowledge and understanding of the 
information processing model after participating in today’s workshop? (44 
responses to a 5-point Likert scale – 1 being low and 5 being high) 
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Table 3.4 
Evaluation Tool 1 - Question 7 Results 
 Low  High 
Likert Scale 1 2 3 4 5 
Responses (Total 44) 1 0 4 24 14 
 
Graph 3.2 
Evaluation Tool 1 - Question 7 Results 
 
 
Question 8. How would you rate your knowledge and understanding of the essential 
understandings of adolescence prior to today’s workshop? (44 responses to a 5-point 
Likert scale – 1 being low and 5 being high) 
Table 3.5 
Evaluation Tool 1 - Question 8 Results 
 Low  High 
Likert Scale 1 2 3 4 5 
Responses (Total 44) 3 15 12 10 4 
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Question 9. How would you rate your knowledge and understanding of the essential 
understandings of adolescence after participating in today’s workshop? (43 
responses to a 5-point Likert scale – 1 being low and 5 being high) 
 
Table 3.6 
Evaluation Tool 1 - Question 9 Results 
 Low  High 
Likert Scale 1 2 3 4 5 
Responses (Total 44) 1 1 3 20 18 
 
Graph 3.3 
Evaluation Tool 1 - Question 9 Results 
 
 
Question 10. What is/are the most important thing/s you learned and why is this 
important? (Collated by theme) 
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Table 3.7 
Evaluation Tool 1 - Question 10 Results (the number of responses greater than one, 
appear in brackets) 
Important learnings Reason why important 
Learning activities and strategies including: 
 Importance of allowing time 
 Multitasking is a myth (6) 
 Importance of novelty (3) 
 Impact of stress on learner (3) 
 Functional capacity of working 
memory 2 
 Chunking (3) 
 20-minute learning packets (2) 
 Primetimes  
 Connections (2)/Country road to super 
highway analogy 
 Perfect practice makes perfect 
 Memory 
 allows teacher to choose more 
appropriate strategies for a range of 
students (4) 
 cater for students with different 
abilities/differentiation and therefore 
improve student learning outcomes (2) 
 help me design my lessons and 
revision better to meet student needs 
 good revision of strategies (4) and 
supplementation to what is already 
known 
 helps student to keep on task and be 
more responsible for their learning 
 explicit re: instructions, and learning 
outcomes (2) 
 improved retention 
 working with the brain 
Knowledge and understanding  structure and function of the brain (11) 
 Information processing model (2)/How 
students learn 
 Changes to the adolescent brain (14)  
 The impact of the PFC 
 Sleep (3) 
 
Question 11. In what way/s has/will this workshop change/d your professional 
practice? (Collated by theme) 
 
Table 3.8 
Evaluation Tool 1 - Question 11 Results (the number of responses greater than one, 
appear in brackets) 
Theme Details 
Classroom practice  More ideas to use (8) to improve 
outcomes including think time and no 
hands up, using novelty (2) 
 More flexible and more engaging 
 Use student purposeful talk more 
 Reinforces current practices 
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 More explicit about learning intentions 
(2) 
 Explore different strategies to support 
retention (3), chunking (5), revision (4) 
and memory 
 Be aware of primetime (6) and not 
mark roll at beginning 
 Be aware of the functional capacity of 
working memory (2) 
 Students can’t multitask (2), take the 
time to do one thing at a time 
 Try using 20-minute teaching cycles (2) 
Knowledge and understanding  Better understanding of the teenage 
brain and how that influences teaching 
and learning (11) and behaviour (3) 
 Adolescents misinterpret facial cues (3) 
 Be more tolerant of adolescents (2) 
Planning learning  Modify current programs to include 
suggestions (2) 
 Re-evaluate the way I plan for learning 
 
Question 12. What will you do at school or in your classroom because of this 
workshop? (Collated by theme) 
  
Table 3.9  
Evaluation Tool - Question 12 Results (the number of responses greater than one, 
appear in brackets) 
Theme Details 
Classroom practice  Try out the strategies suggested 
(11)/Try Treasure Hunt/Try Giving 
Yourself a Hand 
 Slow down and adjust pace (2) 
 Be mindful of the time it takes to 
retrieve information (4)/extend think 
time (2) 
 Be more aware of tools to improve 
retention 
 Be more aware of tools to improve 
connections 
 Use novelty (5) 
 Incorporate more purposeful talk 
 Reduce stress 
 Use group activities more 
 Practice is important (country road to 
super highway) 
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 Be more aware of primetime (4), 
information processing, revision (2) 
retention (2) and chunking (2) 
 20-minute cycles (2) 
 Multitasking is a myth (2) 
 Functional capacity of working 
memory 2 
Knowledge and understanding  Understand my students better (3) 
 Improved knowledge of brain research 
(2) and practical strategies 
 Do some more research/reading 
 Sleep 
 
Question 13. How well did this workshop meet your learning needs? (69 responses 
to a 5-point Likert scale – 1 being low and 5 being high) 
 
Table 3.10  
Evaluation Tool 1 - Question 13 Results 
 Low  High 
Likert Scale 1 2 3 4 5 
Responses (Total 44) 1 1 7 24 36 
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Graph 3.4  
Evaluation Tool 1 - Question 13 Results 
 
 
Question 14. Is there any other feedback you would like to provide about this 
learning activity? 
 
Table 3.11 
Evaluation Tool 1 - Question 14 Results (the number of responses greater than one, 
appear in brackets) 
Positives Presentation 
 Well structured 
 Excellent (4) 
 Useful in my teaching practices 
 Well presented (4) 
o could have been dry but wasn’t 
o interesting (7), enlightening (2) and relevant (2) 
o engaging (5), stimulating, entertaining (3) 
o Inspiring, informative (2) 
o Knowledgeable presenter, energetic 
o Enjoyed time to talk with other teachers 
o Well organised 
o Practical 
o Innovative 
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o Was fantastic 
Content 
o Vital that we receive more of this style of 
information (2) 
o Provided lots of examples to try in the classroom 
o Well modelled throughout the presentation 
Organisation 
o Liked the small groups 
Negatives  Far too American-centric 
Things to change  This was like a taster - could be longer and include more 
opportunities to ask more questions 
 A follow up session would be good 
 
Question 15. What changes would you suggest for improving this workshop? 
 
Table 3.12 
Evaluation Tool 1 – Question 15 Results (the number of responses greater than one, 
appear in brackets) 
Venue  Hard to see from some places in the room (3) – not sure 
how to fix this 
 Larger venue to avoid crowding (2) 
 Better lollies 
Organisation  Smaller groups and longer session 
 More group work 
 More handouts 
Content  Less detail on the scientific (2), more on the strategies (2) 
and educational implications 
 More examples in practice re specific KLAs 
 More relevant to our school context 
 Run another one … this is one of the more exciting 
workshops with the best presenter I have come across 
 Nothing – It was perfect! 
Presentation  Greater interaction from participants, more time to talk, 
discuss and share ideas (2) 
 More wiggle time (2) 
 More interactive, less lecturing 
 Follow up session  
 Wish I had access to handouts electronically, rather than all 
the paper 
 
Discussion 
Knowledge and understanding of the brain. Prior to the teacher learning workshop, 
14 teachers considered their knowledge and understanding of the brain to be low. 
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Seven teachers believed their knowledge and understanding of the brain to be good 
and two teachers rated their knowledge and understanding of the brain as high. 
Following the teacher learning workshop only one participant reported their 
knowledge and understanding of the brain as remaining low, with 23 teachers now 
believing that their knowledge and understanding of the brain was good, and 17 
teachers stating that their knowledge and understanding of the brain was now high. 
 
Information processing model. Prior to the teacher learning workshop, 19 teachers 
considered their knowledge and understanding of the information processing model 
to be low. Four teachers believed their knowledge and understanding of the 
information processing model was good and two teachers rated their knowledge and 
understanding of the information processing model as high. Following the workshop 
only one participant reported their knowledge and understanding of the information 
processing model as remaining low, with 24 teachers now believing that their 
knowledge and understanding of the information processing model was good and 14 
teachers stating that their knowledge and understanding of the information 
processing model was now high. 
 
Essential understandings of adolescence. Prior to the teacher learning workshop, 18 
teachers considered their knowledge and understanding of the essential 
understandings of adolescence to be low. Ten teachers believed their knowledge and 
understanding of the essential understandings of adolescence was good, and four 
teachers rated their knowledge and understanding of the essential understandings 
of adolescence as high. Following the teacher learning workshop only one participant 
reported their knowledge and understanding of the essential understandings of 
adolescence as remaining low, with 20 teachers now believing that their knowledge 
and understanding of the essential understandings of adolescence was good, and 18 
teachers stating that their knowledge and understanding of the essential 
understandings of adolescence was now high. 
 
Teachers who participated in the ‘Crazy by Design’ Teacher Learning Workshop 
identified learning activities and strategies as the most important learning. The 
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reasons provided for why this was the most important learning included the ability 
to better meet student learning needs and therefore improve the learning 
experience and outcomes for students. Specific strategies reported included: the use 
of novelty, chunking strategies, understanding processes that support memory 
development, the importance of limiting new learning to the functional capacity of 
working memory and building connections between existing and new learning. 
Learning practices identified included the importance of providing opportunities for 
practice, allowing think time to aid retention, and understanding the impact of stress 
on the learner. The myth of multitasking was also identified as was the need to be 
explicit about instructions and learning intentions.  
 
The second most important workshop learning reported was developing a deeper 
knowledge and understanding of the structure and function of the brain, the 
information processing model and changes that occur in the adolescent brain. The 
influence of the pruning and refinement of the PFC on the adolescent brain and the 
impact of changes to sleep patterns on learning and behaviour were specifically 
identified as key learning. Teachers identified that participation in this workshop has 
changed their classroom practices, changed the way that planning for learning occurs 
and has improved their knowledge and understanding of the adolescent learner. 
 
Teachers were provided with the opportunity to provide general feedback about the 
workshop as a teacher learning activity. There were many positives about the 
workshop including that it was well presented, interesting, engaging, entertaining, 
informative, and enlightening. The content was identified as vital for teachers to 
know and the number of examples being provided throughout the presentation 
identified as a positive aspect of the workshop. One participant suggested that the 
workshop was far to American-centric. One participant suggested that the workshop 
could be longer and that there should be more opportunities to ask questions. One 
participant suggested the need for a follow-up session to be developed and 
presented. Two participants suggested that the balance between the science and the 
strategies needs to be looked at, with more emphasis being placed on educational 
implications. More KLA specific examples were identified as an improvement by one 
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participant. One participant also suggested that more handouts would have been 
advantageous. Participant workshop materials were revised and updated based on 
the evaluation data following the presentation of the workshop at PHS.   
 
Conclusion 
The aim of designing this teacher learning package was to fill the gap in teacher 
knowledge by providing learning that would increase teacher knowledge of brain 
research, and deepen teacher understanding of the connection between this 
research and the adolescent learning environment. Participant evaluations 
suggested that teachers felt their knowledge of brain research, the information 
processing model and the essential understandings of adolescence was improved 
through participation in this teacher learning workshop. Most participants (86%) 
reported that the workshop was well structured, and that information was delivered 
clearly and concisely. Most participants (89%) stated the ‘Crazy by Design’ workshop 
met their learning needs at a high level. The ‘Crazy by Design’ workshop was 
successful in starting to bridge the gap in teacher knowledge about the brain research 
and its implications for adolescent classrooms.  
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Section 4: ‘Crazy by Design’ Pedagogical Practices and Learning Tools Handbook 
The ‘Crazy by Design’ teacher learning workshop was designed to provide teachers 
with targeted learning to increase their knowledge of current brain research and 
deepen their understanding of the connection between the brain research, the 
adolescent learner and the adolescent learning environment.  
 
Although a straight line cannot be drawn connecting the brain research with explicitly 
stated learning tools and pedagogical practices, neuroscience has been able to 
explain why some traditional and current practices are effective. This Pedagogical 
Practices and Learning Tools Handbook was developed as part of the workshop 
materials for the ‘Crazy by Design’ workshop package and was designed to be a 
resource for teachers.  
 
Using the brain research as a starting point, key learning issues were identified in the 
areas of attention, building connections, processing new learning, memory, review 
and closure. The research underpinning the identification of these categorising 
themes was conducted by me, as was the research that identified the range of 
traditional and current pedagogical practices and learning tools included in this 
handbook. I used my experience to consider each in terms of their application to the 
adolescent learning environment. The pedagogical practices and learning tools 
included in the handbook were curated, not written, by me. A full reference list is 
included in the handbook that acknowledges all the sources. The handbook was 
developed to support teachers in translating the workshop learning into classroom 
practice. 
 
The Pedagogical Practices and Learning Tools Handbook was distributed during 
Section Two of the workshop to support instruction about teaching ideas and to 
support the hands-on learning experiences provided as part of the teacher learning.  
The handbook supported post workshop application of pedagogical practices and 
learning tools presented during the ‘Crazy by Design’ Teacher Learning Workshop in 
classrooms.  
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The Adolescent Learner 
Brain research has added a great deal to our knowledge of the brain and our 
understanding about how the brain learns. It has discovered a great deal about 
learning in the early years and about atypical brain functions such as dyslexia, ADHD, 
autism and dyspraxia (Howard-Jones, 2007; Sousa, 2010). It is only recently though, 
that neuroscientists have confirmed that there is a wave of brain restructuring that 
occurs during adolescence, and that ‘pruning’ (Blakemore & Choudhury, 2006; 
Catalyst, 2005; Crawford, 2007; Howard-Jones, 2010; Siegel, 2014; Spear, 2003) of 
neural connections continues well into the mid-twenties (Schenck, 2011). Brain 
research has been able to explain why adolescents behave the way they do and has 
been able to provide reasons for how changes in the brain influence some adolescent 
behaviours.  The maturing process of the prefrontal cortex (PFC) appears to underpin 
many of the more frustrating behaviours that adolescents demonstrate and has the 
most significant impact on how adolescents learn. 
 
Of interest to teachers of adolescents is the refinement of the PFC. The PFC is located 
in the very front of the brain, just behind the forehead and at the front of the frontal 
lobe (Sousa, 2006).  
 
  
(MDHealth.com, 2015) 
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The PFC is the area of the brain responsible for executive function (Sousa, 2006). The 
PFC governs social control, such as suppressing emotional urges and delaying 
gratification. It regulates thought and is used in decision making processes. The PFC 
allows us to plan and create strategies, and to adjust actions or reactions in changing 
situations. It helps to focus thoughts, which enables us to pay attention, learn, and 
concentrate on goals (Gupta, nd). The PFC facilitates active, working memory. The 
maturing of the PFC is probably the most significant change in the adolescent brain. 
It explains why adolescents need greater explicit support to manage time and meet 
deadlines, why they act in unconsidered ways, why they respond emotionally instead 
of thoughtfully, and why the decision-making process is inefficient. It explains why 
attention, engagement and motivation can be lacking, why memory making and 
recall processes (the key observable pieces of evidence used to evaluate learning) 
seem to be inefficient and why poor choice and risk-taking behaviours increase. It 
also explains changes in emotional behaviour. 
 
 
 
 
 
 
 
 
 
 
 
 
(Zazzle, 2016)  
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Pedagogical Practices and Learning Tools 
Jensen (2012) suggests that “brain research proves nothing. There is no body of 
brain-based research that justifies every strategy of … good teaching”. He goes on to 
say that teachers should not be saying “the brain research proves” but rather “these 
studies suggest that XYZ may be true about the brain. Given that insight, it probably 
makes sense for us, under these conditions, to use the following strategies in 
schools” (Jensen, 2012). Using the brain research as a starting point, key learning 
issues can be identified and correlations to learning tools and pedagogical practices 
can be made.  
 
Neuroscience has made progress in adding to what we understand about how the 
brain learns. It has been able to explain why some pedagogical practices and learning 
tools are effective. Brain research has the potential to offer useful applications for 
educational practice, especially in relation to understanding memory, information 
processing and retention. It has helped to strengthen and consolidate existing 
practices and build on the conclusions of existing knowledge. Willis (2007b) suggests 
that for now, “a combination of the art of teaching with the science of neuroimaging 
will best guide teachers in finding the more neuro-logical ways to maximise learning” 
(p. 6).  
 
Pedagogy deals with the theory and practice of education; the study and practice of 
how best to teach. Practices are habits, customs, traditions, systems, routines and 
procedures applied to achieve the best outcomes. A tool is a device or implement 
used to carry out a specific function. Pedagogical practices are therefore the ways 
teachers apply systems, routines and procedures to the practice of education to 
achieve the best possible outcome for their students. Pedagogical practices apply in 
a diverse range of contexts and are foundational to the teaching and learning culture 
in classrooms. Learning tools are more specific. They are the mechanisms used in 
specific contexts. This handbook provides a reference for several pedagogical 
practices and learning tools that are supportive of adolescent learners. 
 
As we know, the PFC is maturing during adolescence, therefore we need to engage 
with practices that will support the PFC in learning. Adolescent behaviours such as 
poor planning can be better supported when teachers use novelty to help students 
understand which parts of new learning are important. Because the PFC is 
restructuring and pruning connections, the adolescent learner needs to have explicit 
and achievable learning goals, clearly defined criteria of success and frequent 
feedback on progress towards learning goals. Because the adolescent brain is 
redirecting energy to restructuring, adolescent learners need to be supported in 
paying attention and in maintaining motivation. Adolescent learners need time to 
 ‘Crazy by Design’ Pedagogical Practices and Learning Tools Handbook  
Collated by Donna Plumridge for Workplace Project 1 - Doctor of Education, Western Sydney University 
7 
think and to retrieve previous learning. Therefore, the following pedagogical 
practices can be employed to support the learning of adolescents: 
• Pointing your brain in the right direction 
• Modelled, guided and independent teaching cycles 
• Using novelty to identify important learning 
• Hands down except to ask a question  
• 20-minute teaching episodes 
• No hitchhiking 
• Whiteboarding 
• Think time 
• Traffic lights 
• Differentiation 
 
The pruning of connections within the adolescent brain and the late maturing of the 
PFC have significant impacts on the function of the adolescent brain. Teachers of 
adolescents face the learning challenges and complexity of a restructuring brain. We 
want to be able to successfully manage learning to ensure that our students pay 
attention to, and are engaged in learning, not just being compliant. We want to 
ensure that our students can make sense and meaning of new learning and connect 
it to previous learning. We want to ensure that new learning is stored for long term 
retrieval and that learning activities are selected to assist learners to process 
information effectively and efficiently. We understand the importance of practise in 
ensuring that new learning is correct, that skills and understandings are available for 
translation to new contexts and that learning is easily available for future retrieval. 
The brain of an adolescent directs a lot of energy to the process of pruning and 
refinement. As a result, we need to be strategic about gaining and maintaining 
student attention to learning. Because the PFC is late to mature, the adolescent brain 
needs to be supported to identify connections between new learning and past 
learning, and the processing of information needs to be scaffolded. The adolescent 
learner needs explicit assistance to practise, review and store new learning.  
The following learning tools can be used to assist the adolescent learner to achieve 
high quality learning outcomes. 
• Gain attention: 
o Read, post, sort and web 
o Mystery webs 
o Predict-o-gram 
• Build connections: 
o Question stems 
o Coding the text 
o Graphic outlines, graphic organisers and planning sheets 
o Treasure hunt 
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• Process New Learning: 
o Marking the text 
o Whiteboard speed dating 
o Seven Strips  
o Note-making 
o Partner read and think 
o Using visual tools 
▪ Diagramming 
▪ Sketch to stretch 
▪ Quick write, quick draw  
o Use accountable talk 
▪ Basketball not ping pong questioning 
▪ Talk moves 
▪ Elbow buddies 
▪ Say something 
• Increase Memory: 
o Chunking 
o The functional capacity of working memory 
o Retrieval, rehearsal and practise 
• Support Review and Closure: 
o Alphaboxes 
o This image reminds me of … because … 
o Think, pair, share, square 
o Exit slips 
o Give yourself a hand 
o $2.00 summary, SMS summary and Dollar words 
o Plenary placemat 
 
Many of these learning tools can be used in multiple ways and are not restricted to 
the categories above. For example, many of the tools listed as supporting the 
processing of new learning also support memory development, review and closure. 
The ‘Read, Post, Sort’ and ‘Web and Mystery Web’ learning tools can be used 
successfully to build connections as can many of the chunking tools. ‘This Image 
Reminds Me of … Because …’ is a good visual tool that can be used to process new 
learning and both ‘Sketch to Stretch’ and ‘Quick Write, Quick Draw’ can be used 
effectively in review and closure activities. 
 
(Westside Internal Medicine, 2016) 
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PEDAGOGICAL PRACTICE: POINTING YOUR BRAIN IN THE 
RIGHT DIRECTION  
(Learning Intentions, Success Criteria and Feedback) 
 
Learning Intentions 
The learning intention is the learning goal for a lesson or series of lessons. It is 
expressed as a statement which describes what the teacher wants the students to 
know, understand, and can do because of the learning activities. The focus should 
not be on what students are going to DO (write a letter to the editor), but on what 
they are going to LEARN (how to use writing to persuade). 
 
A teacher knows why they choose to have students engage in a learning activity, but 
students are not always able to describe the difference between the activity they are 
engaged in and the learning that it is meant to provide. A carefully articulated 
learning intention will help direct students' attention to the learning by pointing their 
brains in the right direction. A learning intention highlights what the students will 
learn, rather than what they will do. This is important for all learners so that they 
know where to focus their attention during learning episodes, but for the adolescent, 
whose brain is remodelling, this is especially important to make learning intentions 
explicit. 
 
When adolescent learners know the learning intention of a lesson, they: 
• Are supported to focus on the learning purpose of the activity, rather than 
simply completing the activity. 
• Know which part of the activity encompasses the new learning and therefore 
are better able to focus their attention.  
• Are more successful in monitoring and modifying behaviour to stay 'on task' 
and achieve learning goals. 
 
As a result, it is more likely that students will be able to transfer their learning from 
one context to another. 
 
When planning a learning experience, teachers should ask: 
1. What do I want my students to learn (not what am I going to teach or what 
are the students going to do)? Which skills, knowledge and/or understanding 
do I want my students to have at the end of this learning episode? (learning 
intention). 
2. How will I, and they, know that they have met the learning intention? (What 
is the criteria that demonstrates successful achievement and what is the task 
that allows students to demonstrate successful achievement). 
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3. What classroom LEARNING activities will help my students to meet the 
learning intention? What learning tasks will allow students to practice and 
refine their skill, knowledge and/or understanding to demonstrate successful 
achievement?   
4. What aspect of the content will be used to provide a context for this learning? 
 
Success Criteria 
It is important for all learners to understand what quality looks like, but it is even 
more important for this to be explicitly and clearly stated for the adolescent learner. 
Teachers need to share ‘secret teacher business’ with students; they should make 
students co-conspirators in the process by sharing precisely how successful new 
learning is demonstrated i.e. what is the evidence that students have to demonstrate 
to prove they have been successful in learning. 
 
Students should be able to submit work knowing how and why a piece of work 
demonstrates, or does not demonstrate, the performance standards.  
 
Feedback 
For feedback to be successful, it must be prompt, specific and corrective.  
 
For feedback to be specific, students must know and understand what they are 
learning (learning intention), why they are learning it and how they will recognise 
when they have succeeded in learning it well (success criteria). In others words each 
lesson should have clear learning goals and shared learning intentions. Willis (2015) 
describes the need for feedback to be frequent and explicit about the incremental 
progress on route to the goal. 
 
The difference between where a student is now, and the successful achievement of 
the learning goal, should be the content of the feedback provided. Feedback cannot 
be provided without a knowledge and understanding of the learning intention and 
what quality looks like (success criteria).  
 
Timeliness is one of the most critical aspects of feedback. For feedback to be 
successful, it needs to be immediate and identify the way forward. If a teacher does 
not correct a student at the time that an incorrect learning is being demonstrated, 
then the incorrect learning continues and is reinforced. Feedback given days or 
weeks later has little impact on student learning.  
 
Feedback can be provided about the task (correct or incorrect), the process 
(strategies used) or about self-regulation. Praise and rewards are not examples of 
feedback. 
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Feedback can be given by the student themselves, peers or the teacher. It can be 
written or oral. 
 
Feedback should cause thinking and students should be given opportunities to apply 
the feedback and then resubmit evidence of learning. 
 
(Education Services Australia, nd-a, nd-b, nd-c) 
 
 
 
 
 
 
 
 
 
 
 
(Technostories, 2010) 
 ‘Crazy by Design’ Pedagogical Practices and Learning Tools Handbook  
Collated by Donna Plumridge for Workplace Project 1 - Doctor of Education, Western Sydney University 
12 
PEDAGOGICAL PRACTICE: MODELLED, GUIDED AND 
INDEPENDENT TEACHING 
Modelled, guided and independent teaching are three related research-based 
pedagogical practices that teachers can use to support the successful introduction of 
new knowledge and support students to practise, consolidate, transfer and apply 
new learning. The teaching cycle provides a learning scaffold that can assist teachers 
to structure and deliver their teaching in response to students’ learning needs. In 
using this teaching cycle, teachers can support students to move from dependent to 
independent learners and learners who can confidently apply and transfer new 
learning to other contexts. 
 
The steps of the modelled, guided and independent teaching cycle include: 
Modelled 
teaching 
Scaffolding is direct, teacher-led and obvious and involves explicit or direct 
instruction in new learning. 
Guided 
teaching 
Teachers ensure multiple opportunities for students to practise and apply new 
learning with just enough support from the teacher to enable students to 
successfully demonstrate new learning. Teachers scaffold practice exercises 
from easy to hard, and provide supported student practice where students 
take increasing control of new learning and teachers monitor student 
performance, check for understanding, and provide feedback and more 
modelled and guided teaching as required. 
Independent 
teaching 
Scaffolding provides minimal support from the teacher and greater 
opportunity for students to demonstrate their new learning and apply it to 
other contexts. It involves supporting students to consolidate, transfer and 
apply new learning. During this portion of the learning episode, teachers 
include opportunities for students to practise and apply learning in ‘real’ 
contexts and encourage students to make the new learning their own, by 
applying it or re-stating it, transferring and applying the new learning to other 
contexts. 
 
Teachers are encouraged to select pedagogical practices and learning tools that are 
most appropriate in supporting students to acquire knowledge and skills, understand 
important ideas and processes, and transfer their learning to alternative contexts. 
When teachers use the modelled, guided and independent teaching cycle, they 
scaffold student learning from a temporary point of need (Vygotsky’s Zone of 
Proximal Development) and move responsibility for learning from teacher to student. 
 
The aim is to ensure each learning package includes modelled teaching, guided 
practise and the opportunity to demonstrate independence. Feedback about what 
students can do, cannot do yet and how to improve is a critical component of each 
learning package, as is the opportunity to apply feedback and resubmit assessment. 
 
(New South Wales Department of Education and Training, 2008; NSW Department of 
Education and Training, 2009) 
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PEDAGOGICAL PRACTICE: USING NOVELTY TO IDENTIFY 
IMPORTANT LEARNING 
The brain constantly scans the environment to collect data. It can only effectively 
focus on one cognitively demanding thing at a time (that is why we cannot multitask), 
especially when learning is new. Adolescent students can have many devices 
competing for their attention. Teachers of adolescents are encouraged to use novelty 
(pattern change) to promote attention, use prediction (possibility of reward 
pleasure) to sustain attention, and use the expectation of pleasure to motivate 
attention, effort and memory and to point their brains in the right direction.  
Teaching practices can become repetitive and mundane. Experiences that are novel 
engage attention and create an emotional response because the experience is 
different from the norm. In the adolescent educational context, it is important that 
new learning is presented in some sort of novel way to focus the brain’s attention 
and improve the chance of learning.  
Using novelty in the educational setting does not mean that the teacher needs to be 
a stand-up comic. It does mean using varied teaching approaches that involve more 
student engagement in the learning. It can be as simple as grouping students 
differently, changing pace, tone or text colour.  
Teachers who use novelty strategically increase the possibility that key concepts and 
big ideas are remembered. Fuller (2011) suggests using cartoons, music, visual 
presentations, stories, guest speakers, YouTube presentations and posters to create 
novelty. Willis (2015) suggests advertising upcoming topics and using colour, 
clothing, unexpected objects, music and humour to gain attention, increase 
motivation and curiosity and to alert students to the most important information 
being presented in the new learning episode. 
 
(Otto Wurz, nd) 
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PEDAGOGICAL PRACTICE: HANDS DOWN … EXCEPT TO ASK A 
QUESTION  
(Paddle Pop Sticks) 
‘Hands down’ is a pedagogical practice that helps keep all students on task and 
responsible for their learning. Hands down “may be the most significant thing a 
teacher can do” (Wiliam, 2014). In describing how to use this practice in the 
classroom, Wiliam (2014) gives the following advice:  
Many teachers prefer to choose the student first and then ask the 
question, but this is generally a bad idea, because as soon as students 
know who is going to have to respond to the question, all the other 
students can relax. It is far better to ask the question first, give students 
time to think of a response, and then pick a student at random to respond 
(p. 16). 
 
Prepare the random selection tool. This may be as simple as writing the name of each 
student on a paddle-pop stick, tongue depressor or ping-pong ball and putting them 
in a container, or using a device-based tool. 
 
During a lesson, when you have a question, instead of asking students to raise their 
hands, pick a name from the container. The student selected is held responsible for 
responding to the question. It is important to put the name right back in the 
container. The same student may be picked two or three times before another 
student but that is okay. To keep all students listening and thinking they have to know 
that their name may be pulled out at any time. Do not think that you should call on 
every student first before starting with the names again. If you did this, a student 
could just 'turn off' until they saw you put their name back in the container! 
 
Once you call a name, make sure to provide ‘think time’ (see page 23) and even time 
to talk to ‘elbow buddies’ (see page 65) if required. Some students need extra time 
to formulate their thoughts (especially second language learners). If a student says 
that they do not know the answer, allow them to ‘phone a friend’ (where the student 
may ask a peer for input about the possible answer and then formulates the answer 
and responds). 
 
The ‘Hands down’ practice is not a strategy to ‘catch’ students not listening. If using 
this practice with your class, it is important to share both the reasons and 
advantages, which includes giving everyone a fair chance to speak and making 
everyone responsible for listening and thinking and sharing ideas. When you first 
introduce ‘Hands down’ you may allow students to ‘pass’ for a short time when their 
name is called. However, remind them that their name is going back into the 
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container and they may be called again. Generally, once the students are used to the 
strategy you will find that they always have something to say.  
 
All students need to take ownership of their learning. Choosing to let others answer 
for them or answering only the questions that are easy for them does not stretch 
their minds or improve their learning. If the student knows that their name may be 
randomly selected for answering a question, they know that they must be ready to 
answer. Therefore, they need to be prepared by having engaged in thinking about 
what to say. This practice of encouraging all learners to retrieve previous learning 
means that all students are provided with opportunities to strengthen neural 
pathways and learning connection. Each time the learning is retrieved, the 
connection is re-worked and strengthened and therefore the pathway to the learning 
becomes stronger and reinforced, resulting in improved efficiency of retrieval.  
 
What students have said about this practice? 
Student A: “I liked it because if you're put on the spot it made you think harder than 
if you would just be lazing off.” 
 
Student B: “I liked it because everyone got a chance, because it was random.  Not 
the same people answering the question over and over again.  So, it was pretty 
good.” 
 
Student C: “I also liked it because doing this encouraged students to listen in class.  
So, if they didn’t want to get embarrassed by getting put on the spot and not knowing 
the answer they had to listen. They had the chance to answer questions properly and 
feel proud of themselves in knowing the answer.” 
 
Student D: “It put us under pressure and made us want to listen and think more about 
what we were learning.  Then when the teacher picks out a paddle pop stick, and calls 
the name, we all started to think “what's the answer” and then “I know the answer, 
I want to say it.” 
 
If you didn’t know the answer, what 
did you do? Student E: “Phone a 
friend. Call someone to help you if 
you don't know the answer.  They 
cannot give the answer but they can 
help you with the answer and then 
you had to give the answer.” 
 
(Dr. Jean's February 2013 Activities, 2013) 
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PEDAGOGICAL PRACTICE: 20-MINUTE TEACHING PACKETS 
If working within a limited timeframe, when you present new learning, the big idea 
or the major concept is important. When an individual processes new information, 
there is a link between when the learning is presented and how well the learning is 
remembered (Brimhall, 2013). At certain times during a learning episode, we 
remember more than at other times. The best remembered learning is that which is 
presented first in a lesson. Sousa (Sousa, 2006) calls this ‘prime time one’. The second 
best remembered learning is the learning presented at the end of the lesson. Sousa 
(Sousa, 2006) calls this ‘prime time two’. The least well remembered learning is that 
which occurs just past the middle of a lesson (Sousa, 2006). Sousa (Sousa, 2006) calls 
this time ‘down time’ – a time when students should be engaged in active guided 
practice of new learning (see modelled, guided and independent teaching cycle). This 
phenomenon is called the Serial Position Effect (Revlin, 2013; Sousa, 2006; Terry, 
2005) and was initially identified by Ebbinghaus (Kowalczyk, nd; Sousa, 2006) in the 
1880s.  
 
Researchers speculate that the ‘attentional bias’ (Jensen, 2008) that exists at the 
beginning and end of a learning episode is not evident during the middle part of the 
learning episode. The educational implication is that a new skill or new learning 
should be taught at the beginning of a learning episode because this is the time when 
it is most likely to be remembered. In addition, teachers should select learning tools 
and pedagogical practices that make the most effective use of the end of the lesson, 
as this is the time when the learning is remembered second best. Closure is important 
because it helps students to sort, organise and store, a task that is difficult for 
adolescents whose frontal lobes are still developing and fine-tuning executive skills. 
For this reason, employing explicit instruction and scaffolding to assist in sorting, 
chunking, sense and meaning making may assist in improving student learning 
outcomes.  
 
Sousa (2006) also reminds teachers that working memory can only be applied for a 
limited time (see also functional capacity of working memory). Adult and adolescent 
humans can intently work with and process an item for about 10 to 20 minutes 
(Baker, 2010; Sousa, 2006) before boredom or mental fatigue has an impact. When 
this happens, focus lapses and a change in the process of dealing with the 
information needs to occur. For working memory to be effective in processing 
information, conscious processing is required, and this means that focussed 
attention on the task is critical for effectiveness. For teachers, this knowledge of how 
the brain learns underpins the design of 15 to 20-minute lesson activities that engage 
students in working with focussed attention, before there is a change in focus. 
Student attention can be affected by the level of motivation being experienced. For 
example, there are times when we can focus intensely for much longer than 20 
 ‘Crazy by Design’ Pedagogical Practices and Learning Tools Handbook  
Collated by Donna Plumridge for Workplace Project 1 - Doctor of Education, Western Sydney University 
17 
minutes because of an emotional engagement, or motivation, with a topic. Teachers 
who can create a similar emotional engagement in students, can then extend the 
duration of focus that students can maintain with one specific area of learning. 
 
Sousa (2006) recommends the following structure for learning episodes, based on 
what we know about how the brain pays attention during learning. 
 
 
(Sousa, 2006, p. 90) 
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PEDAGOGICAL PRACTICE: NO HITCHHIKING 
Arranging students into groups and giving them time to work together will not 
guarantee higher-level thinking. Adolescents, when given the chance, will often 
‘hitch’ in groups – a metaphor that suggest they engage in travel without taking any 
responsibility for the journey. To make groups more effective, they need to be 
carefully structured learning teams. Once membership has been considered, 
strategies will need to be selected to generate meaningful discussion and shared 
learning responsibility among all group members. 
 
To prevent hitchhiking and to ensure active participation for all group members 
consider the following when arranging groups: 
• Size – generally a smaller group is better. Three is an optimum number to engage 
all members and decrease the opportunity for hitchhiking. If pairs are needed 
using a clock buddy can assist in pairing students quickly. 
• Gender and Ethnicity – to honour the experiences of all students, and to ensure 
different perspectives are heard, it is important to ensure that groups provide for 
mixed gender and ethnicity. 
• Time and Task – it is important that all students understand what is required of 
them. Having a randomly selected student repeat the task requirements gives all 
students the opportunity to ask clarifying questions and check their 
understanding. Timing is important. Giving too much time is worse than giving 
not enough. In the latter case, more time can be negotiated as required. 
• Specific Roles – There are many models that can be used to assign specific roles 
to members of groups. Specific roles can be beneficial in prompting meaningful 
talk as students learn to behave in groups. As students develop their group work 
skills, the instructional scaffolding of allocated roles can be reduced. When 
students are placed in groups and are provided with a structure to shape their 
conversations, they are provided with opportunities to internalise the strategies 
and language used in rich, meaningful discussion. In time, students internalise 
collaborative strategies, and thoughtful discussion becomes part of the students’ 
zone of actual development. 
• Accountability – students work better when they are held accountable for their 
collaboration. Accountability can be applied to individuals as well as to the group. 
Individual accountability occurs when each student in the group is held 
accountable to produce a product. Group accountability occurs when the group 
is held responsible for one product. 
 
When students know they will be randomly selected to represent their group’s 
thinking, they are more likely to work to be more prepared to participate. 
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Gallagher (2004) suggests the following rules to support successful collaboration: 
1. No hitchhiking. Everyone participates. 
2. Be critical of ideas, not people. Disagreement is necessary and can be healthy if 
handled maturely. 
3. Remember that we are all in this together. We are a community of learners. 
4. Restate what someone said if it is not clear. 
5. If there are two sides to an issue, try to understand both sides. 
6. Listen to everyone’s ideas, even if you do not agree with them. It takes more skill 
to listen than it does to share (pp. 106-114). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Suave's Republique Cricket, 2010) 
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PEDAGOGICAL PRACTICE: WHITEBOARDING 
When whiteboarding, there is a significant increase in the interaction among 
students. Students work together “to collectively construct knowledge, explain their 
reasoning processes, and get feedback from the teacher and each other” (Noschese, 
2010). They record their interactions individually, in pairs or in groups of three on a 
mini whiteboard. The whiteboard is then used to support students in reporting to the 
whole class. “At all times, the teacher can see and hear student thinking and 
challenge them with questions” (Noschese, 2010). This process is called 
“whiteboarding.” 
 
Mini whiteboards can be made by laminating a piece of A3 paper, using highlighters 
to write and tissues to erase. Dry erase mini whiteboards, dry erase markers and 
erasers could be purchased in 2016 through the NSW Department of Education 
procurement services for about $4.00 per board. 
 
The benefits of whiteboarding have been reported as including: 
1. Encouraging “students to think, question, solve problems, and discuss their 
ideas, strategies, and solutions” (Noschese, 2010). This gives students the 
opportunity to practise and refine language, and provides an opportunity for 
students to ‘talk themselves into understanding’. When mini whiteboards are 
used and shown to the rest of the class, learners appear to take more 
ownership of their work. 
2. Allowing for “evaluation and interpretation of evidence. Students come to 
know not only what they know, but how they know it” (Noschese, 2010). 
3. Helping to “create a culture of questioning” (Noschese, 2010). 
4. Allowing “discussion of student-generated ideas rather than the teacher 
merely presenting information” (Noschese, 2010). 
5. Providing “opportunities for students to teach one another, practising using 
the language of the discipline with one another in order to develop personal 
meaning” (Noschese, 2010). 
6. Providing a less stressful environment. A lot of students do not like putting pen 
to paper, especially when there is a single right answer and a high risk of 
‘getting it wrong’. Students appear to be much more willing to make a start on 
mini whiteboards because it is easy to make corrections and wipe out mistakes 
(Gurung, 2012).  
7. Engaging students in a collaborative learning community. “When students 
complete the same task on whiteboards, they collaborate better by looking at 
what each other are writing” (Gurung, 2012) and it is easy for the teacher to 
see too. “Students appear to be less afraid of someone pointing out a mistake 
because it’s quick to make corrections on the dry-erase surface” (Gurung, 
2012). 
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Mini whiteboards can be used in conjunction with the ‘Hands down’ practice by 
asking all students to commit to an answer, record it on their mini whiteboard, and 
hold it up for the teacher to see. This low-tech version of student response clickers 
creates student ‘buy in’ and gives teachers a quick overview of where student 
understanding or misunderstanding is at any given time during the learning episode. 
It also allows the students who know the answer to demonstrate that they know it, 
even though they may not be called upon.  
 
What students have said about this practice? 
Student A: “Using whiteboards was better because we all had our own working 
environment to write on and that it was easy. Everyone got into it because it wasn't 
something that everyone did (it was novel) and I think it was good.  Effective.” 
 
Student B: “I think using the whiteboards is a good idea because when we used them 
to write answers to questions we could add things we forgot and use criteria to make 
sure our answers contained everything that was needed to get a good mark and we 
could change our answer without mucking up our books. So, it kind of helped me 
improve what I needed to focus on when answering a question, the key points. I got 
to practice writing the answer, check it was right before writing it properly?” 
 
 
(Durley, 2012) 
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PEDAGOGICAL PRACTICE: THINK TIME 
Think time and ‘wait time’ are two different names for the same practice. 
 
Think-time is described as when a teacher deliberately provides an uninterrupted 
period of uninterrupted silence so that all students can complete appropriate 
information processing tasks. It is recognised as an important pedagogical practice 
to use for encouraging retrieval and relearning.  
 
Studies as far back as Rowe (1974) found that teachers allow an average wait time of 
about three seconds. This does not allow enough time for slow retrievers to locate 
the required answer in long term storage and retrieve it into working memory. The 
resultant learning assessment was inaccurate, as many of these learners knew the 
correct answer, but simply did not have enough time to retrieve it.  
 
Rowe (1972) found that at all grade levels and in all subject areas … when teachers 
extended the wait time:  
• The length of student responses increased. 
• The number of unsolicited but appropriate student responses increased. 
• Failures to respond decreased.  
• Student’s confidence increased. 
• The incidents of speculative thinking increased.  
• Teacher-centred show-and-tell decreased and student-student comparing 
increased. 
• Qualified inferencing increased. 
• The number of questions asked by children and the number of experiments 
they proposed increased.  
• "Slow" student contributions increased. 
 
By using think time, teachers provide every single student in their class with the 
opportunity to rehearse and strengthen their learning.  
 
 
(Keir, 2011) 
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PEDAGOGICAL PRACTICE: TRAFFIC LIGHTS 
‘Traffic lights’ is a pedagogical practice that quickly and easily allows students to 
signal their understanding of the learning being presented. Students are provided 
with three cups of different colours – one red, one yellow/orange and one green – to 
signify the three colours of a traffic light. Students place the appropriately coloured 
cup on the top of the stack to signal to the teacher whether they understand what 
has just been taught. If the green cup is showing on top, the student is signalling that 
they understand the learning being presented; that they are doing fine and can 
continue without teacher support. If the yellow/orange cup is showing students are 
signalling that they need help but can keep working for the moment. If red is showing 
the student is signalling that they are stuck. They can’t keep working until they get 
teacher support. If several desks are displaying a red cup, a teacher can efficiently 
employ remediation learning activities for a group of students at the same time. 
 
Instead of using cups, students could use counters on a traffic light template, 
coloured disks or coloured paddle pop sticks. 
 
(Adapted from Doc Zoo, 2012a, 2012b) 
 
What students thought about this practice: 
Student A: “I think the cups speak louder than our hands or us going Miss, Miss, 
because you see greens and it's sweet. But then the red, it stands out from the crowd, 
like you know that this person - especially with the difference between the orange 
and red - this person needs more attention than this person.”  
 
Student B: “I thought it was a really good method of trying to get help because if I 
sometimes get stuck I feel too awkward to put up my hand.” 
 
Student C: “I liked the cups because 
when I need help I know that I'm going to 
stall the lesson. Then it will be my 
question that's going to be answered for 
like five, ten minutes maybe. It just felt a 
lot more personal and less judgemental, 
because sometimes you get stuck and 
you don't want people to know that 
you're stuck. So you just sit there and 
maybe you'll ask your friend, but they 
don't get it either. It was a good method 
at getting the help you need.” 
(Parade Antiques, 2017) 
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PEDAGOGICAL PRACTICE: DIFFERENTIATION 
Differentiated instruction occurs when teachers enhance learning by matching 
student characteristics to instruction and assessment.  
 
Important terminology includes: 
• Accommodation 
Accommodations occur when teachers change the environment to allow students 
with additional learning needs to participate fully in the same learning as students of 
the same age/stage by working towards the same syllabus outcomes and content. 
• Adjustment  
Learning adjustments occur when teaching, learning and assessment are modified to 
enable a student to meet their personalised learning needs. Syllabus outcomes and 
content are different for students of the same age/stage group. 
• Enrichment 
Enrichment is the broadening of the curriculum to develop knowledge, application, 
thinking skills and attitudes appropriate to a student's developmental level. 
Enrichment activities are often only found in extra-curricular activities, but should be 
written into teaching and learning programs to ensure all students have the 
opportunity for enriched learning (New South Wales Department of Education and 
Training, 2004). 
• Extension  
Extension activities involve deepening of student’s knowledge, understanding and 
skills. This is consistent with the elements of good practice as described in the Quality 
Teaching in NSW Public Schools suite of documents (New South Wales Department 
of Education and Training, 2004). 
 
Differentiated instruction allows all students to access the same curriculum by 
providing entry points, learning tasks, and outcomes that are tailored to meet their 
needs. Teachers differentiate by managing the: 
• Content - what the students learn.  
• Process - activities used to assist the learning.  
• Products - demonstration of learning. 
• Learning environment … while considering the student's:  
o Readiness – a student’s academic standing.  
o Learning profile – how the student learns.  
o Interest. 
 
Differentiated instruction is not a single strategy, but rather an approach to 
instruction that incorporates a variety of strategies because one size does not fit all 
differentiation needs (Sousa & Tomlinson, 2011). 
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LEARNING TOOLS FOR GAINING ATTENTION 
Adolescents find it difficult to pay attention because their PFC is maturing, and this 
reduces the effectiveness of executive functions such as prioritising which input is 
important, inhibitory control, blocking intake of distracting sensory information and 
the ability to delay immediate gratification. The following learning tools can be used 
to help adolescent students prioritise attention to learning and activate prior 
learning. 
 
READ, POST, SORT AND WEB 
In preparing to use this learning tool, teachers will need to collect a series of pictures 
that work together to build the concept being introduced as new learning. This 
learning tool assists in activating prior learning.  
 
Teachers start by issuing the picture cards. Students can be given one picture card or 
a few cards. Teachers should ask students to examine the pictures and choose one 
or two words to describe the idea being portrayed by the pictures. Students should 
be encouraged to record these words on a post-it note and then post them (without 
sorting or ordering them in any way) for the class to see. The class should view the 
posted responses, and be supported to predict the concept represented by the 
pictures.  
 
Next, working in pairs, or groups of three, students are asked to sort the information 
recorded on the post-it notes into themes by combining same or similar concepts. 
 
The final activity asks students to work in pairs to synthesise the collated information 
into an appropriate text for sharing. A mystery web, a concept map to show the 
relationships between and within the originally posted concepts, or a graphic 
outline/organiser could be used to support this process, and has the added 
advantage of providing a record of learning that could be retained and referred to in 
future lessons. 
 
 
 
 
 
 
 
 
 
(Coops, nd) 
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MYSTERY WEBS 
Mystery webs are web diagrams that assist comprehension. As a learning tool, they 
can be used to gain attention and create curiosity about a new unit of work or to 
revise a topic that has just been completed.  
 
A Mystery Web Example: The Solar System 
Before starting a new unit of work, develop a list of some of the key words or phrases 
that you expect to use when teaching this topic. The words should be provided to 
students, presented spaced out and in no particular order. 
 
Organise students to work in pairs and provide each pair with a copy of the list. Mini 
whiteboards might also be useful in supporting this tool. 
 
Model for the class the process of identifying and recording connections between 
the words. If a connection is identified, an arrow is drawn between the words to 
represent the connection which is named or described. 
 
Arrows should show the direction in which the connections are to be read. For 
example, the arrow above shows that we read from Earth to ice caps and therefore 
represent the connection that the ‘Earth has two ice caps’. 
 
As arrows are added, a web forms. Some words may have multiple connections. 
Some words may have no obvious connection at this stage. If a word doesn’t fit into 
the web, it should be highlighted with a question mark. Every web will look a little 
different. There will be many correct results - there is not a single correct answer.  
 
After building webs, ask pairs to suggest a heading for the web.  
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In this example ‘planets’ has been chosen as the heading. The connections have been 
drawn, and the student has colour coded them - blue for connections believed to be 
true and red for connections the student is not sure about.  
 
Mystery webs can be used to identify: 
1. What students already know,  
2. Where there are knowledge gaps, and 
3. Students who may have a deeper understanding that may require a 
differentiated pathway through the learning. 
 
This learning tool works to gain attention by creating interest and ‘buy in’. Students 
want to see if their predictions are correct. They want to find out how those puzzling 
phrases like ‘a giant dirty snowball’ and words that were left unconnected fit into the 
web. When used successfully, curiosity and the desire to learn can be stimulated.  
 
Even when students do not know all the answers (demonstrated when all the pieces 
do not fit together), there is no sense of failure. They see finding the connections 
between the mystery words and phrases as a challenge and speculate about how 
they are connected. 
 
Towards the end of the unit, students can revisit this web to compare what they 
initially knew and what they have learned. This comparison focuses them on what 
they have achieved. Organising the key concepts visually in a web diagram also helps 
students identify connections and relationships. This tool therefore has application 
for supporting the building of connections and sense and meaning making. 
 
In this example, ‘a giant dirty snowball’ and ‘the air would crush you flat’ could not  
initially be fitted into the web. It is a good idea to include a few surprising (but true) 
facts in any web for your class. The giant dirty snowball in this example is Pluto and 
the crushing air is on Venus. 
(Moline, nd) 
 ‘Crazy by Design’ Pedagogical Practices and Learning Tools Handbook  
Collated by Donna Plumridge for Workplace Project 1 - Doctor of Education, Western Sydney University 
28 
 
PREDICT-O-GRAM 
The predict-o-gram learning tool is a scaffold students can use to engage with a new 
text.  
 
Although this tool could be used by individual students, it is recommended that 
students work in pairs. Working in pairs supports learning by increasing opportunities 
for students to rehearse vocabulary and talk themselves into understanding, applying 
fix up strategies and collaboratively solving problems. 
 
Start by directing attention to the heading. Students should be asked to predict, from 
the heading alone, what vocabulary they would expect to find within the text.  
 
Students should be then asked to read the first and the last paragraph and use this 
information to write a one sentence summary of the text. 
 
The next step is for students to 
read the first sentence of each 
paragraph (sometimes it is useful 
to have students highlight the 
sentences first). Using this 
information, students are asked to 
draw a diagram that summarises 
what the text is about. 
 
At this stage, students could be asked to predict the questions they think will be 
answered by this text. 
 
Finally, students are asked to read the whole text. With the support of their partner, 
they should be able to check off their vocabulary list to see how well they predicted 
the language of the text. They should be encouraged to mark the text to show where 
the answers are to the questions they predicted. They could be supported to adjust 
their diagrams to demonstrate if they have developed a more complete 
understanding using the whole text. One important question that should be 
answered by each team is ‘How does this text match with what you already know 
about this topic?’ Students could construct this answer using a range of appropriate 
texts, and could share it through a range of mediums. 
 
This tool could also be applied to support the processing of new learning. 
 
 
(Forrester, 2015) 
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Predict-o-gram 
 
Vocabulary One sentence summary 
Diagram 
Questions Connects with ... 
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LEARNING TOOLS FOR BUILDING CONNECTIONS 
When processing new information, the brain seeks to determine whether the 
information has meaning. It does this by trying to connect the new learning to past 
learnings that are already stored in long-term memory. What is already known acts 
as a filter by helping to find relevance in new learning. The brain research helps us to 
understand that the brain pays attention in selective ways. It pays attention to 
survival first and then to the novel and interesting. It does not waste energy on boring 
things. The brain does not pay attention to what does not make sense, is not 
meaningful or is not relevant. Explicitly teaching students, especially adolescent 
students, to make connections between new learning and previous learning is an 
important understanding that comes from brain research. 
 
QUESTION STEMS THAT BUILD CONNECTIONS 
Making connections is like a bridge ... joining what we already know or have 
experienced to something that we are reading, listening to or viewing. The 
connections we make are very personal. Everybody will have different experiences 
and background knowledge and will make different connections based on their 
culture, gender, beliefs, morals, socio- economic background and life experiences. 
 
The brain is wired to connect new information with existing information. 
 
Connecting text to their own experiences and existing knowledge allows students to 
understand and retain more.  
 
The following question stems will help students to make connections. 
• This reminds me of ... 
• I remember when ... 
• I have a connection to ... 
• An experience I have had like that ...   
• I felt like that person when ... 
• If I were that person I would ...       
          
 
 
 
 
 
 
 
(Richer, 2016) 
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CODING THE TEXT 
Text coding is a learning tool that assists students to become active readers who are 
aware of their thinking as they read. Text coding allows the reader to make 
connections with what they already know, identify what is new learning and identify 
content and concepts that need further investigation. Coding can be done with text 
annotations, post-it notes, margin strips or bookmarks. 
 
When introducing this learning tool for the first time, teachers may need to model 
the thought process and coding actions explicitly. The ‘think aloud’ strategy is useful 
in demonstrating this. Teachers should read a sentence or a paragraph (your choice 
depends on the complexity of the text, or the newness of the concept), then stop, 
and then reading aloud, model the thinking process of deciding how this sentence 
works with previous learning.  
 
Ask aloud, does this portion of text: 
• Provide new information? 
• Make you think “WOW … that is interesting!”?  
• Make your thinking ‘clunk’?  
• Or does it match with something you already know?  
 
Once you identify your thinking, code the text accordingly. 
? – I don’t understand 
! – Wow 
+ - new information 
✓ - I already knew this 
 
After coding is completed, students should be encouraged to meet with a learning 
partner to share and compare codes. Alternatively, students could work in pairs to 
complete the initial coding process. 
 
After sharing coding, students could work in pairs to identify, list or summarise the 
most important ideas from the text.  
 
(Hoyt, 2009, p. 176) 
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GRAPHIC OUTLINES 
The PFC acts in guiding control of cognitive actions and, because it is under 
renovation during adolescence, learners may need explicit scaffolding to preview a 
text. A graphic outline is a learning tool that provides students with a scaffold to 
select and engage with relevant information. This tool is best used with texts that 
clearly use headings, subheadings and other textual features. 
 
When teachers use this learning tool with students for the first time, they may need 
to model the process by using the think aloud practice and by providing a pre-
designed graphic outline to scaffold identification and selection of important 
information. As students become familiar with this learning tool they will be able to 
work in pairs, and then individually, to design their own graphic outline scaffolds. 
Students will need to be reminded about the features of text layout such as: 
headings, subheadings, graphics and other visuals such as drawings, tables, 
photographs and diagrams. Students will also need to be reminded how font size, 
bolding and italics are used by an author to draw attention to words and key aspects 
of text. Teachers should use the text features of the text selected to design a graphic 
outline. A portion of a sample graphic outline is shown below: 
 
Main Heading 
Who were the squatters? Food Clothing 
A squatter’s hut Early squatters hut (Illustration) 
 
Students work in pairs to use the mentor text to complete the graphic outline. It is 
important that students are taught to make notes on the graphic outline in their own 
words, rather than copying the author’s words, as this strengthens the connections 
being made between the new learning from the mentor text and previous learning. 
When students construct their own writing, they are attaching sense and meaning to 
the work and therefore are protecting the new learning from being quickly forgotten. 
This learning tool is also useful in supporting students to process new information. 
 
(New South Wales Department of Education and Training, 1999, pp. 107-108) 
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GRAPHIC ORGANISERS AND PLANNING SHEETS 
Graphic organisers are visual or illustrative ways of arranging and synthesising 
information and ideas. They can facilitate the identification of connections between 
key concepts and new knowledge and deepen understanding. For this reason, this 
learning tool can also be used to support students in processing new information, as 
well as building connections. 
 
The use of graphic organisers is based on research into thinking and how information 
is filed and retrieved. It is important to help students develop well-connected, easily 
available and user-friendly information as this allows quick and easy retrieval of 
previously learned material and assists understanding and assimilation of new 
learning. 
 
Teachers can support adolescent learners by: 
• Helping students to develop and identify background knowledge by providing 
opportunities to read, review, practice and discuss new learning. “The more 
students rehearse and review information, the stronger the interconnections 
become” (New South Wales Department of Education and Training, 2007, p. 68). 
• Understanding how students (and the adolescent brain) process information. 
Newer information is stored in long term memory only when it has been 
processed. Processing information takes place through rehearsal and review 
activities, comparing and contrasting activities and by drawing connections 
between the text and self, between texts, and between a text and the world we 
live in. It is important for teachers to provide learning activities that require 
students to process and apply new information. “Asking students to organise 
information, summarise information or compare new material with prior learning 
are all activities that require processing and help students develop and 
strengthen” their learning (New South Wales Department of Education and 
Training, 2007, p. 68). 
• Understanding the importance of helping students to organise their knowledge. 
Adolescent students frequently lack knowledge of structures that will help 
organise new material such as planning sheets, mind maps, concept maps and 
text outlines. Graphic organisers can also help students to organise the key 
elements of new learning by providing structure. The use of these structures 
requires explicit teaching to support effective learning. A scaffold is only useful if 
it is the right scaffold for the task, and it is used independently (competently and 
confidently) by the learner. 
 
(New South Wales Department of Education and Training, 2007, p. 68) 
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Some Common Graphic Organisers and Planning Sheets 
 
(New South Wales Department of Education and Training, 2007, p. 70) 
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(New South Wales Department of Education and Training, 2007, p. 76) 
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Six Event Sequence Chart 
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The Five Ws and an H Graphic Organiser 
Who? 
What? 
How? 
Why? 
When? 
Where? 
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Storyboard/Chain of Events 
 
  
Event 1
•Detail
•Detail
•Detail
Event 2
•Detail
•Detail
•Detail
Event 3
•Detail
•Detail
•Detail
Event 4
•Detail
•Detail
•Detail
Event 5
•Detail
•Detail
•Detail
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Cluster Graphic Organiser 
 
 
 
(Westwood Library Learning Commons, nd) 
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Fishbone Graphic Organiser 
The fishbone diagram helps explore all the possible causes that give rise to an effect. 
It can be used to help determine why an effect has taken place. It is also called the 
Cause and Effect Diagram.  
 
(Buzzle, 2015) 
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Think, Pair, Share Template 
 
Think about your answer to the 
question or problem. Write your 
answer down.
Tell your partner your answer.
Record your partners answer.
What other ideas can you add from the class 
discussion?
Considering all your have heard, write your 
final answer.
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TREASURE HUNT 
Like the ‘mystery webs’, this learning tool asks students to identify connections 
between key aspects of new learning. The key terms or concepts are provided to 
students in visual form. Students work individually, in pairs or groups of three, to 
organise and place the visuals on a piece of butcher’s paper and then connect 
concepts using lines. Students are encouraged to add details in the form of captions 
or headings, or by describing the relationships on the joining lines. There is a 
significant advantage to this activity being completed in pairs or groups of three, as 
the opportunity to talk with others increases the opportunity to build understanding 
and vocabulary, and to rehearse technical and precise language before being asked 
to use it in reading and writing activities. Students could be asked to post, share and 
discuss treasure hunt maps. 
 
An example of teachers using ‘treasure hunt’ during a teacher learning workshop 
(Plumridge, 2012) 
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LEARNING TOOLS FOR PROCESSING NEW INFORMATION 
Emotions affect the selection of the location where new information is processed in 
the brain. For learning to become memory it must be directed through the amygdala 
(emotional filter) to the PFC. During high stress, survival instinct takes control and 
responses are managed by the involuntary brain as fight/flight/freeze (acting out and 
zoning out). The adolescent brain is wired to rely on the emotional limbic region while 
the PFC is being restructured. Teachers need to seek ways to de-stress the learning 
environment by helping adolescents to see meaning in their learning, reducing 
alienation from their academic experience and potential anxiety about lack of 
understanding.   
 
Therefore, it is important to ‘pre-heat’ background knowledge. If there is no prior 
knowledge stimulated and there is nothing to link the new information with, then 
the new information is more likely to be lost. Short term memories are temporary 
and will only be converted to long term memories if they are mentally manipulated 
in the PFC. Mental manipulation means that the learner must ‘do something’ with 
the information, and occurs when teachers have students symbolise or personalise 
learning, categorise or identify commonalities, and summarise and transfer new 
learning. Because the PFC is remodelling, this is particularly important in the 
adolescent classroom. 
 
The question of whether new learning or information has meaning refers to the 
relevance of the item to the learner and why the learner should need to, or want to, 
remember it. Meaning is a personal and individual thing greatly influenced by 
previous experiences. The same item can have great personal meaning for one 
student and none for another. The second of the four quality teaching questions, 
‘Why does this learning matter?’ addresses the area of meaning making. In the 
language of the Middle Years research the new learning must be relevant, authentic 
and connected to the world outside school.  
 
 
 
(Marquis, 2011)  
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MARKING THE TEXT 
This learning tool supports students to work individually or in pairs to process new 
information by identifying different aspects, patterns or connections within a text 
and marking them in different ways. Marking can be completed by using different 
forms of underlining, using different colours or different shapes.  
 
For example, students might be asked to: 
• Underline all the bits that tell you about the physical appearance of Mr X. 
• Circle all the bits that tell you about what hydrogen does when frozen. 
• Highlight in yellow all the bits where the writer gives an opinion about …. 
• Put a * beside all the bits that you think show Mr X to be an admirable person. 
 
Students could be asked to look for more than one thing at a time e.g. underline with 
a straight line all the bad things about X and underline with a squiggly line all the 
good things about X. 
 
The physical marking is a prop to support close attention and the talking prepares 
students for extending their learning through broader discussion or writing. What 
students have been asked to underline should be central to what is to be discussed 
as a class. The underlining can then be used as evidence for their opinions in a 
discussion. 
 
In this example, students were asked to mark the answers to each question before 
answering them. 
 
(Crookedbrains, 2012)  
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WHITEBOARD SPEED DATING 
Instructions for starting the ‘date’ 
Arrange students in pairs. Each pair needs a mini whiteboard and a marker. 
 
Set up pairs as shown below: 
 
When it is time to move, one person from each pair will move two seats clockwise. 
The other member of the pair will move two seats counterclockwise.  
 
Provide each pair with the same problem and instruct students to work on the 
problem, recording ideas and solutions straight on the mini whiteboard. Allow 
approximately five minutes working time. 
 
After five minutes 
It is time to move. Ask the pairs of students to leave the whiteboard where it is. 
Remind students that everybody moves and remind them of the movement 
organisation (see above). When pairs have settled into their new places, allow 
another five minutes to work on the problem, using the ideas on the new whiteboard 
that is now in front of them. 
 
 
 
“Everyone is now with an entirely different partner (in many cases, the partners are 
pairings that would never have happened by choice) and no-one has their own work 
in front of them” (O'Shea, 2012).  
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When the next five minutes’ working time is up, look around and judge how much 
more time is required to complete the problem. Have pairs move again if more time 
is required. 
 
 
 
After this move there is, again, a different pairing and completely different work. 
Most mini whiteboards are close to being finished and so some puzzling may start to 
occur. At the end of this five minutes, decide whether the class has finished with the 
problem and hold a board meeting (sit in pairs in a circle and have pairs hold their 
boards in front of them - but not in front of their faces - so that everyone can see 
everyone else’s work and look for places where there is agreement and 
disagreement). Board meetings are interesting meetings as everyone is holding work 
that is not entirely their own, and sometimes students need to try to explain 
something that they would not have chosen to do themselves. Students could vote 
on the board they think is the best and have that group present it. Since the ideas 
about approaches to the problem were moving around the room, the boards will 
probably look similar, but not identical. 
 
When selecting a problem to use with whiteboard speed dating, make sure the 
problem is complex enough that there can be at least three ‘dates’ worth of work 
done on it. 
(Summarised from O'Shea, 2012) 
 
 
(Salek, 2013) 
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SEVEN STRIPS 
Seven strips is a learning tool that supports students to process new information by 
providing a process and scaffold to support the identification of main ideas within a 
cognitively challenging text. This tool allows students to develop skills in reading, 
note-making and clarifying ideas. 
 
Students should be encouraged to work in pairs. Each pair is provided with seven 
strips of paper measuring approximately 30cm x 3cm on which they will record 
information. It is not critical that the number of strips remains as seven – they should 
match the number of ideas in the mentor text. Each student should have a copy of 
the mentor text. 
 
Students should: 
• Read the text as many times as required to complete the task. 
• Decide on the seven most important facts. 
• Cover the text, to encourage the synthesis of ideas using a student’s own 
vocabulary and list the facts separately on the seven strips of paper. 
• The strips should be grouped into possible paragraphs and ordered in a logical 
sequence – the sequence does not need to match the original text. 
• Each pair should join with another pair to combine strips. 
• Through negotiation and discussion, the group of four combine and select seven 
key ideas from the collected fourteen. 
• The group is encouraged to discuss the organisation of the resulting summary of 
the mentor text. 
• The last step involves encouraging the group to re-read the original text to verify 
information. 
(Curriculum Support Directorate, 1998) 
 
  
(Haswell, 2015) 
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NOTE-MAKING 
Note-making involves extracting and recording the main ideas of a written or multi-
media text in an organised and systematic way. Some adolescent learners will need 
explicit support to develop this skill. Some adolescents may find note-making difficult 
because of the pruning and refinement of the PFC, which has functional control over 
planning, selecting and problem-solving capacities. Teachers can use the note-
making learning tool to support the processing of information. Note-making requires 
students to explore and organise information and then synthesise that information 
to create a new text. Teachers should support students by: 
• “Modelling the process of extracting information and recording ideas in clear and 
succinct language” (New South Wales Department of Education and Training, 
2007, p. 61). 
• Providing opportunities for students to practice skimming, scanning and 
identifying key words” (New South Wales Department of Education and Training, 
2007, p. 61). [To be able to do this successfully, students need to understand the 
different purposes of skimming and scanning and how to use these techniques 
effectively]. 
• “Proving a scaffold, graphic organiser or worksheet for notes” (New South Wales 
Department of Education and Training, 2007, p. 61). 
• Monitoring student success in applying the skill, supporting, re-directing and re-
teaching as required. 
 
Note-making activities can be done individually, but better results may be achieved 
when pairs of students work together to complete note-making tasks. 
 
The following scaffolds can be used to support students with note-taking activities. 
 
(New South Wales Department of Education and Training, 2007, p. 61) 
 
 
(Evelyn, nd) 
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(New South Wales Department of Education and Training, 2007, p. 62) 
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(New South Wales Department of Education and Training, 2007, p. 63) 
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Andrew’s Note-Making Scaffold 
 
My notes: The ONE main idea 
This learning is similar to and different from what I already know in this way … 
 
 
Try to draw this as a diagram or Venn diagram 
 
(Fuller, 2009) 
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 PARTNER READ AND THINK 
‘Partner read and think’ is a learning tool that engages partners in applying reading 
comprehension steps to each segment of a text to successfully process the 
information presented. The application of the combination of steps helps students 
engage at several levels of comprehension and encourages language use as partners 
navigate a text selection. Partner read and think guides partners in: 
• selecting a portion of text on which to focus, 
• predicting words that are likely to appear in the text selection, 
• identifying words that are interesting or confusing, and 
• summarising the learning. 
 
To begin, ensure that all students have a stop sign – a small sticky-note with the word 
STOP! written on it works well. 
Next, the teacher should model placing the stop sign at an appropriate point in the 
text. A paragraph or a section defined by a subheading is a good size selection. 
The teacher then models, by thinking aloud, how to scan the text and predict words 
they think are likely to appear in the selected portion of text. If the text includes an 
image, model, by thinking aloud, how the visual is used in this predicting process. 
This step is important in bringing out academic vocabulary that will support 
understanding and aid in processing the new learning. 
Next, read the selected section of text aloud. 
Having read the text, the teacher should model how to identify any interesting or 
confusing words. The teacher should also model the use of reference resources or fix 
up strategies to work out confusing words. 
After that, the teacher models asking questions and wondering aloud about the 
words, visuals, or the concepts. Questions are important because they encourage 
readers to interact with the text selection. A question stem framework could be 
useful in supporting students in constructing good quality questions. 
Finally, model giving a summary of the text section read. Model how to sum up the 
learning before moving the STOP! sign and repeating the process for the next section 
of the text. Using the same summarising stem each time is helpful as it builds a 
routine that students can employ independently at another time. A useful 
summarising stem is: ‘From this section of the text I have learned that …’ 
As students become familiar with, and confident in the use of, this learning tool, they 
can apply it independently in other contexts. 
 
(Hoyt, 2009, pp. 16-17)  
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1. Place a stop sign 
 
1. Place a stop sign 
 
1. Place a stop sign 
 
2. Predict 
 
2. Predict 
 
2. Predict 
 
3. Read Together 
 
3. Read Together 
 
3. Read Together
 
4. Interesting or  
confusing words?
 
4. Interesting or  
confusing words?
 
4. Interesting or  
confusing words?
 
5. Ask Questions 
 
5. Ask Questions 
 
5. Ask Questions 
 
6. Summarise 
From reading  
this text 
 I learned that ... 
6. Summarise 
From reading  
this text 
 I learned that ... 
6. Summarise 
From reading  
this text 
 I learned that ... 
(Hoyt, 2009, pp. 16-17)  
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VISUAL TOOLS: DIAGRAMMING 
Diagramming is a learning tool that asks students to present the information from a 
text in a visual form (e.g. a drawing, a flowchart, a table, or a network). This tool could 
be applied to focus attention on points of similarity and difference, or on the 
relationship between characters in a story. It may be usefully used to reassemble 
ideas in an information text or as a way of preparing for note-making. This learning 
tool assists students to process information as it requires students to move between 
two modes of text, the written or spoken word and the visual, which requires a 
deeper understanding of the content. An interesting variation on this learning tool is 
to provide students with information in a visual form, and ask them to work in pairs 
to construct a written text for a specific purpose and audience. 
 
Here is an earth science example:  
Volcanoes 
Cone-shaped composite volcanoes form when layers of melted rock and ash build up around 
a volcanic vent. The melted rock rises from deep underground and flows out of the top of 
the volcano. These volcanoes usually erupt quickly and can release clouds of ash and 
poisonous gases. They can be explosive and can cause disasters when they erupt. Two 
examples of composite volcanoes are Mt Vesuvius in Italy and Mt Fuji in Japan. 
 
Draw a labelled cross-sectional diagram of a composite volcano. 
 
 ‘Crazy by Design’ Pedagogical Practices and Learning Tools Handbook  
Collated by Donna Plumridge for Workplace Project 1 - Doctor of Education, Western Sydney University 
57 
Another example … 
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SKETCH TO STRETCH 
This learning tool begins with teachers modelling the process using the think aloud 
strategy. In doing this, teachers read aloud from a mentor text, pausing often to 
create simple labelled drawings that capture new learning up to that point. As 
teachers sketch, they should share aloud their thinking about key ideas and how the 
drawings they are constructing help them to remember. The emphasis in using this 
tool is on the thinking, not the drawing. The idea is to use sketches as tools for holding 
onto the content. 
 
After sketching for themselves, students share and explain their drawings in pairs or 
small groups. “Their sharing should focus on why they drew what they did and what 
they attempted to represent. The verbal explanation and the resulting conversations 
are more important for extending understanding than the sketch. The sketch is a 
vehicle for collecting thoughts and rehearsing the conversation” (Hoyt, 2009, p. 149).  
 
“Some students may benefit from being asked an open-ended question such as: 
• What did you learn? 
• What did this mean to you? 
• What did it make you think about? 
• What key ideas stayed with you? 
• What did you think was the most important part of the reading?” (Hoyt, 2009, 
p. 149). 
 
Once students have shared their sketches, they could be asked to write for a specific 
purpose and audience. Because the concepts and language have been rehearsed 
during the sharing of sketches, the writing should progress more easily. 
                 
(Hoyt, 2009, pp. 148-149) 
 
 
(Ainsworth, Prain, & Tytler, 2011, p. 1096) 
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QUICK WRITE, QUICK DRAW 
The purpose of this learning tool is to explore the relationship between a written text 
and a diagrammatically constructed text. For many students, a visual text is easier to 
remember and retrieve than a word-based text, because it makes greater sense and 
holds greater meaning, or because it provides a stronger connection between what 
is known and what is new. It is always interesting to watch students engage in this 
task … some complete the visual text first, others the word-based text, and some 
work between the texts doing a little writing and a little drawing, rather than 
completing one text in full before moving onto the second text. This learning tool can 
also be used to support review and summarising. 
 
 
(Wolfe, 2001, p. 176) 
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Quick Write, Quick Draw 
On the diagram below, write a description of the concept we are learning about. Use 
your own words, but make sure your vocabulary is technical and precise. On the left-
hand side, create a visual representation of the same concept. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Dodge, 2009, p. 58) 
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ACCOUNTABLE TALK 
BASKETBALL NOT PING PONG QUESTIONING 
(Pose, Pause, Pounce, Bounce) 
The idea behind the ‘basketball not ping pong questioning’ learning tool is to use a 
questioning technique that helps learners to more deeply explore and develop their 
ideas. When using a basketball style of questioning, teachers limit their part in the 
questioning process to facilitating learners in commenting on a peer’s answer. Each 
learner is encouraged to build on the ideas of the previous student. Students may, 
for example, explore what they found useful in a previous answer or add a new idea 
to the one recently offered. This ‘basketballing’ should stop the ‘ping pong’ effect of 
teachers asking questions, receiving an answer, commenting on the answer then 
asking another question. In the ‘basketball’ approach the class should be more 
engaged and ‘on the ball’ by the expectation that all students will be included in the 
questioning ‘game’. 
 
In practice, the teacher poses a question and then uses a random selection process 
such as ‘hands down’ (see page 15) to select a student to answer. The teacher then 
redirects the question to another student, selected again using a random method, 
and asks what they thought about the answer. Next the teacher redirects the 
question again to a different student who is encouraged to add a further explanation. 
This means the question is 'bounced' around the classroom. Another way to describe 
this technique is 'pose, pause, pounce, bounce'. The teacher poses a question then 
pauses, giving students time to formulate a response. The teacher next pounces on 
a student and then bounces the answer off another student. 
 
You can view Dylan Wiliam describing the basketball style of questioning at  
https://www.youtube.com/watch?v=ioeI-zZPx9g 
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Basketball questioning can be summarised in this way: 
Step Action 
One Pose your question – one that is worth reflection. 
Two Pause – do not be afraid of the silence … count to five and 
perhaps to ten … 
Three Bounce – call on a student at random. This first student 
(student A) will respond … you may need to wait … refrain from 
jumping in … you may need to insist they respond. 
Four Pounce – after student A’s answer quickly call on another 
student randomly (student B) and ask their opinion of student 
A’s response – even if student A’s response was incorrect. 
 
By using a basketball style of questioning, more students are engaged in the 
questioning activity. When basketball questioning is implemented along with ‘hands 
down’ then all students are engaged in retrieval and therefore strengthen learning 
connections. 
 
The ‘talk moves’ (see page 63) learning tool provides another way of engaging 
students in questioning that goes deeper.  
(Clemente, nd) 
 
 
(Del Vecchio, 2013) 
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TALK MOVES 
There are five basic talk moves that work together to support a class of students to 
discuss a new concept.  
 
Move one: Revoicing 
Teacher clarifies students' thinking (‘I heard you say.... is that correct?’) 
 
The teacher repeats what the student has said and asks the student to respond to 
whether the revoicing is correct. This should be done without adding or modifying 
any information. 
 
Revoicing serves three purposes. Firstly, it makes one student's idea available to 
other students, secondly it allows the idea to be heard more than once, and finally it 
allows students to focus on a change that has occurred during a discussion. 
 
Revoicing is not for correcting a student's thinking. It serves only to clarify it. 
 
Move two: Restating 
Students repeat or rephrase what another student said (‘In your own words tell …’) 
 
The teacher randomly selects a student to repeat what the first student said. The 
optimum situation would include the student restating the first students’ idea in their 
own words. 
 
The restating move allows students to hear another rendition of their contribution 
and the contributions of others, and provides the opportunity for them to better 
understand the conversation and comprehend the point. 
 
Move three: Agree or Disagree and WHY? 
Ask students to apply their own reasoning to someone else's reasoning. (‘Do you 
agree? Why?’) 
 
After a student has contributed, the teacher uses think time to ensure students have 
time to process it and then seeks to have students reason about the contribution. 
 
The teacher should avoid supporting either position and should instead encourage 
respectful discussion of ideas. Once the discussion has taken place, the teacher leads 
the discussion towards a correct understanding of the topic at hand. Teachers should 
use this move regularly, even if the ideas presented are correct. Failing to do this 
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signals to students that the idea is wrong. This stops students from thinking about 
the issue. 
 
Move four: Further Participation 
Ask for further comments (‘Anything further to add?’) 
 
Use this move when two or more points of view are given. First the teacher revoices 
each point of view for clarification and then asks if there is anything further to add. 
This move allows additional points of view to be presented and considered or for 
information to be added to existing views. 
 
Move five: Think Time 
Allow students to think 
 
This move allows all students to think about the question, and allows time for 
students to frame their thoughts and prepare to express them. Think time should be 
given after presenting the question and after randomly selecting a student to 
contribute. 
 
(Knauss, 2008) 
 
 
 
 
 
 
 
(Freshwinds Institute of Integrated Medicine, 2010) 
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ELBOW BUDDIES 
This learning tool keeps every student involved, thinking and participating in the 
learning at the same time. All students are encouraged to have a say and to be heard. 
 
During a lesson or class discussion, students sit next to an elbow buddy. This means 
that during the lesson, when a question is asked, everyone answers it at the same 
time. For example, the teacher poses a question such as ‘What are the pros and cons 
of riding a bicycle to school?’ and then directs students to ‘Turn to your elbow buddy 
and discuss this.’ Because the expectation is that all students answer the question, 
every student gets the opportunity to retrieve the information and therefore 
strengthen learning connections. 
 
This learning tool may need to be introduced to students along with discussion of 
what it means to be an effective elbow buddy. Some students may need reminding 
about the behaviours that support good listening. When elbow buddies speak they 
look at the listener and speak clearly. When elbow buddies listen, their shoulders 
face their buddy, they make eye contact, they nod their head and paraphrase what 
they have heard, and they ask clarifying questions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Pumped for Pizza, 2012) 
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SAY SOMETHING 
When students are consistently given questions to answer about a text, they become 
dependent on this scaffold. It also builds the belief that students only read texts to 
answer questions for the teacher. This is not a real reflection of the real world of 
reading where reading is done for enjoyment, we read to find answers, and we read 
to make ourselves feel something or experience someone else’s life and experiences. 
The ‘say something’ learning tool is designed to build the expectation that readers 
talk to each other about their reading, but what they talk about is up to them. They 
may choose to respond with a prediction, with a thought about how the text relates 
to a personal experience, with an opinion, a statement or a question. Each person 
should have a copy of the same reading material to support a shared conversation. 
 
It is important when introducing this strategy for teachers to think aloud and model 
appropriate structures that ensure everyone takes a turn and that there is an 
equitable distribution of talk. For junior classes, this might include cooperative 
learning techniques such as group members placing their pencils in the middle of the 
table as they say something. No person can contribute a second thought or comment 
until all pencils are on the table.  
 
(Hoyt, 2009, pp. 26-27) 
 
 
(Taunque, 2013)  
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LEARNING TOOLS FOR INCREASING MEMORY  
Often adolescents feel stressed about the amount of learning they are expected to 
engage with. Chunking allows us to deal with a few large blocks of information rather 
than many small fragments. To chunk, a student needs to be able to see the 
connections and put them together, a skill that is very difficult for adolescents when 
their PFC is under construction. For this reason, teachers need to engage with 
learning tools and pedagogical practices that will assist adolescent learners to chunk 
information effectively. Teachers of adolescents need to explicitly teach chunking 
and connections between items. The more expert a person becomes in an area, the 
more easily they can see the connections, the patterns and the organisation of ideas 
and therefore relationships within, amongst and between chunks. This idea 
underpins the practice of apprenticing a student into a discipline area, building skills 
and knowledge in scaffolded ways and revisiting with the purpose of adding 
something new throughout a course. A focus on academic rigour that takes 
adolescent learners deeper into the discipline of the learning area, rather than 
maintaining superficiality across a broad field of learning, is an important way of 
designing learning. 
 
CHUNKING 
Chunking is a learned skill and therefore teachers of adolescents should make a 
conscious effort to include direct instruction in, and deliberate practice of, this skill. 
Chunking involves the brain bringing together several items of information so that it 
can be perceived as one item. The more items the brain can put together in one 
chunk, the more can be processed in working memory and the more can be 
remembered at one time. An example of how the brain chunks can be seen in the 
way we remember a telephone number. A typical Australian mobile phone number 
has ten items or numbers in it. We tend to remember these ten items not as ten 
separate numbers, but in three chunks (0405 225 223). The first chunk has four items 
(0405), and the second and third has three items each (225 and 223 respectively). 
Chunking allows the brain to work within the functional capacity rules. In the case of 
the mobile phone number, the original ten items in the phone number exceed the 
functional capacity, but the second of three chunks fall well inside it.  
 
The different types of chunking include: 
• Pattern chunking 
When a pattern can be found within the items that need to be remembered, then 
pattern chunking is used. We explored one example that relied on pattern 
chunking during the workshop. Remember the LSD NBC TV FBI USA example?  
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Learning something step-by-step, or by rote, is an example of pattern chunking.  
Nearly all of us learned the alphabet in this way. Most commonly we chunked the 
alphabet into five chunks that had a breathing, musical or rhythmic pattern: 
‘abcdefg, hijklmnop, qrs, tuv, wxy and z.’ We grouped the letters in one chunk, 
rehearsed it repeatedly, and then learned another and added it to the first. You 
can see and hear this process as children learn the alphabet. They practice and 
‘get’ one chunk. They confidently start with ‘abc …’ then begin to add the next 
chunk with some ‘la, la, la-ing’ until this less well-refined chunk is perfected. 
 
Pattern chunking is used when we want to learn something that is to be retrieved 
in the same way each time. For example: The numbers in a phone number need 
to be retrieved exactly, the words to a song should be retrieved exactly, and many 
procedural skills, such as CPR, need to be retrieved exactly. 
 
The drawback of this type of chunking is that often the whole pattern must be 
revisited to use the information learned. For example, when asked ‘What letter 
comes before L?’ most people start with ‘A’ and work their way to the answer. 
Few know automatically that the answer is ‘K’. 
 
• Categorical chunking 
The chunking process is more sophisticated than the pattern chunking method, 
requiring the learner to identify chunks that group large amounts of information 
based on simpler categories. Sousa (2006) suggests the more common categories 
used in categorical chunking include: 
• Advantages and disadvantages 
• Similarities and differences 
• Structure and function 
• Taxonomies (hierarchical levels), and 
• Arrays (p. 129) 
 
• Mnemonics  
Mnemonics can be used to chunk items that appear to be unrelated. Common 
rhyming mnemonics include: “I before e, except after c’ and “thirty days hath 
September, April, June and November …’ Reduction mnemonics are also used to 
reduce large numbers of items into a shorter form or chunk. The letters either 
combine to construct a simple sentence or work (real or artificial). Two common 
examples include ‘ROYGBIV’ to remember the seven colours of the spectrum 
(Red, Orange, Yellow, Green, Blue, Indigo and Violet) or ‘my very eager mother 
just served us Nachos’ for remembering the order of the planets (Mercury, Venus, 
Earth, Mars, Jupiter, Saturn, Uranus, Neptune). 
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Teachers can help support students to use chunking to improve learning by: 
• Helping to work out what students already know, and how that connects with the 
new learning being introduced.  
• Explicitly pointing out and sharing patterns within content and skills.  
• Drawing real world (authentic) connections to new learning, new skills, new 
concepts.  
• Using organisers, scaffolds and templates with headings and/or concepts 
organised (chunked) using a pattern or schema. 
• Establishing and rehearsing routines for key (KLA specific and general) skills. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Noonan, 2014)  
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THE FUNCTIONAL CAPACITY OF WORKING MEMORY 
The functional capacity of the brain was believed to change with age and was for 
many years generally believed to average seven items during adolescence. It is hard 
to determine an actual number because the background experience and interest of 
everyone can impact on functional capacity. Recent research is challenging the belief 
that the functional capacity is seven items, plus or minus two, and is suggesting that 
the functional capacity of the brain is three to four items and irrelevant of age. 
Increases in access to and use of technology, especially the ability to quickly and 
easily search for and find facts, rather than needing to memorise them for future use, 
is one of the reasons researchers suggest as a possible explanation for this drop in 
functional capacity. 
 
When planning learning experiences, teachers need to keep the number of new 
items to be learned within the capacity of the working memory of the brain. This will 
increase the likelihood of students remembering more of what they are taught. 
Working outside the capacity of the working memory of the brain undermines the 
ability to remember what has been taught. The limited capacity of the working 
memory explains why people remember a mobile phone number in three chunks of 
numbers rather than as ten separate numbers; it explains why people memorise 
things in stages. People chunk information so that they can extend the capacity of 
their working memory.  
 
 
 
 
(Noonan, 2014) 
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RETRIEVAL, REHEARSAL AND PRACTISE 
New learning connections need to be repeatedly stimulated so that they become 
stronger and more efficient.  
Teachers of adolescents need to ensure the repeated stimulation of connections 
using a range of modes, contexts and strategies. An understanding of how to use 
learning tools and pedagogical practices to facilitate practise, retrieval, wait time and 
think time to support the building and strengthening of connections for adolescents, 
is an important understanding that is explained by brain research. 
Practise aids in the retention of learning. The brain research suggests that the more 
ways we practise something, the more memory pathways are created and 
strengthened. Some learners may need more times at practise before achieving 
mastery, others less, based on background knowledge and previous experiences. 
Practise makes permanent and therefore practise should be done correctly from the 
beginning. Early practise should be done in the presence of the teacher, who can 
monitor accuracy, provide feedback and correction. This is called ‘guided practise’. 
Early practise should be repeated at times close together, and ongoing practise 
should take into consideration what we know about forgetting (see 
forgetting/remembering curve below). Once new learning is correct, then students 
should be provided with opportunities for independent practise and feedback on 
progress. This is the brain researched explanation that underpins the pedagogy of 
the modelled, guided and independent teaching cycle (see page 13).  
 
(Steel, 2014) 
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Opportunities for retrieval also provide opportunities for practise. The process of 
retrieving a memory requires the “firing of neurons along the neural pathways to the 
storage site(s) and back to working memory. The more frequently we access a 
pathway, the less likely it is to be obscured by other pathways” (Sousa, 2006, p. 107) 
and the more efficient the process becomes. Retrieving information strengthens 
connections and that means learning is strengthened. Every time information is 
recalled from long term storage into working memory it is relearned. Therefore, 
teachers should use pedagogical practices such as hands down, to encourage all 
students to recall and revisit previously learned information regularly so they will 
relearn it.  
We know that information can be stored in different networks, depending on how it 
links the information to past learning. We also know that the adolescent brain 
accesses information in different ways to the adult brain. This, along with the 
strength of the neural connection, explains why it takes some students longer to 
retrieve the same information. When teachers call on the students who quickly 
retrieve information and signal that by raising their hands more quickly, they 
inadvertently signal to the slower retrievers to stop the retrieval process and 
therefore stop the strengthening of the connection. Instead teachers should use 
pedagogical practices that allow all students the time they need to retrieve the 
learning, and communicate the expectation that all learners are expected to 
persevere in retrieving, before calling on students for a response. This holds all 
students accountable for recalling the answer, and keeps all students retrieving the 
information. Teachers should also avoid predictable patterns when calling on 
students, such as alphabetical order, up and down rows, or first hands up. These 
patterns signal when students will be held accountable, thereby allowing them to go 
off task before and after their turns and essentially become hitchhikers in the 
learning process. Extending wait time or think time can support teachers in achieving 
this goal. 
 
(Kerr, 2015) 
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LEARNING TOOLS TO SUPPORT REVIEW AND CLOSURE 
The end of the lesson is the last opportunity for learners to attach sense and meaning 
to new learning, and is an important time for the student's brain to do the work and 
strengthen learning. Closure helps students to sort, organise and store, a task that is 
difficult for adolescents whose frontal lobes are still developing and fine-tuning 
executive skills. For this reason, it is important to ensure explicit instruction and 
scaffolding that assists learners in sorting, chunking, sense and meaning-making. 
 
Closure refers to “the instructional strategy whereby the teacher allows students the 
time to mentally process what has been learned” (Photodisc, 2002, p. 47). In mentally 
processing the learning, the student’s brain must decide whether the new learning 
makes sense and has meaning, what it connects to from past learnings and whether 
it needs to be tagged for movement to long term storage or deleted from the system. 
Closure is not review. In the review portion of the lesson, the teacher is usually doing 
the work, reviewing key points made during the lesson and asking questions to 
encourage review of the knowledge and understandings addressed throughout the 
learning episode. During closure, the teacher asks the students to mentally rehearse 
what they have learned and facilitates overt student activity, such as asking students 
to share their learning with another student, write it down, or demonstrate it. This 
sort of activity holds the student accountable for processing their learning. Closure 
provides the opportunity for cerebral summarising. 
 
‘Alphaboxes’, ‘this image reminds me of … because ...’, ‘think, pair, share, square’, 
‘exit slips’, ‘give yourself a hand’, ‘$2.00 summary’, ‘SMS summary’, ‘dollar words’ 
and ‘plenary placemats’ are examples of some learning tools that can be used for 
review and closure.  
 
 
(GoGraph, 2017) 
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ALPHABOXES 
Alphaboxes are a challenging learning tool that can be used to assist students to 
review a unit of learning. After completing a unit of learning, students work in pairs 
to identify important concepts for each letter of the alphabet. Students record their 
ideas in the appropriate boxes on a pre-designed form, making sure that they 
describe how each of the selected words relate to the topic or concept. This tool 
encourages retrieval of learning and therefore strengthens learning connections. 
 
 
 
(Hoyt, 2009, pp. 30 - 31) 
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THIS IMAGE REMINDS ME OF … BECAUSE … 
This is an effective reviewing and closure learning tool. Students are provided with a 
selection of images to choose from. I like to use an image pack I purchased many 
years ago from the Catholic Education Office, but you could use google or magazines 
to put together a collection of images. The images should be a wide collection of non-
specific images. Students are asked to view all the images and select the one that 
best represents the new learning they have been involved in. Students identify an 
image and explain why they have chosen this image using the scaffold ‘this image 
reminds me of … because ...’ Sharing the explanation might be done in a whole group, 
but sharing in groups of three ensures that more students get the opportunity to 
share their explanation and therefore review their learning. Alternatively, students 
might be asked to choose an image and record their explanation on a large, lined 
post-it note posted to the image, and then both the image and explanation can be 
posted and reviewed by the whole class in a ‘gallery walk’ or ‘floor storm’. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(lil'panda, 2011) 
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THINK, PAIR, SHARE, SQUARE 
‘Think, pair, share’ was developed by Lyman in 1981. It is a learning tool used to 
summarise learning and can be applied to any content area before, during, and after 
a learning episode. The learning tool involves three steps. During the first stage, the 
teacher asks students to ‘think’ about a problem or question. This stage should allow 
for think time and is designed to help students control the urge to thoughtlessly call 
out the first answer that comes to mind. In the second step, students “are ‘paired’ 
up to discuss their answer or solution to the problem. During this step students may 
wish to revise or alter their original ideas” (West Liberty-Salem Local School District, 
2015). In the third and final step, students are called upon to share their discussions. 
Generally, this is done with the rest of the class.  
 
However, an additional step can be added to make the tool ‘think, pair, square, 
share’. In this variation, partners discuss answers with a second pair before sharing 
with the class. This learning tool ensures that all students are interacting with the 
information and therefore strengthening connections. Teachers can also use this 
activity as a formative assessment activity as they walk about the room listening to 
student conversations. A template for this tool has been provided earlier in this 
handbook as an example of a graphic organiser. 
 
(West Liberty-Salem Local School District, 2015) 
 
 
 
(Scaleup, 2015) 
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EXIT SLIPS 
The exit slip learning tool requires students to respond to a stimulus provided by the 
teacher. Exit slips provide a way of evaluating and reflecting on learning and adding 
closure to a learning episode. They assist students to sort and store new learning 
appropriately. Teachers should issue an exit slip just prior to the end of the lesson 
and collect them as students leave. In addition to assisting students to review their 
learning, exit slips can be used as an informal assessment tool that will provide 
information that allows teachers to adapt and differentiate their planning and 
instruction. 
(Simon & Striegel, 2016) 
Below are some exit slip examples: 
One thing I learned today ... 
Rate your understanding of today’s topic on a scale of one – ten 
(Ten = Understand it all). What can you do to improve your 
understanding? 
 
One thing I didn’t understand today was: 
Discuss one way today’s lesson could be used in the real world. 
 
(AdLit.org, 2015) 
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GIVE YOURSELF A HAND 
The give yourself a hand learning tool was developed by Andrew Fuller. It is an 
effective tool used to revise learning. Each student is issued a piece of paper and is 
asked to trace around their hand, which is then cut out and used as a scaffold for 
revision and summary. On the palm of the hand, ask students to write a summary of 
the targeted learning. On each of the four fingers and thumb, students should record 
the five most important ideas or points. 
 
Students then turn over the hand cut out. Students are asked to write a question on 
each of the four fingers and thumb that will give the answer for the corresponding 
main idea or important point on the reverse side of the hand. In the centre of the 
hand, have students develop and record one tricky question. Ask students to record 
their name on the wrist. 
 
Collect all the hands and redistribute them out so that each student can use the 
hands to revise, review and check understanding. In doing this, each student is 
retrieving information, and strengthen learning connections. 
 
Because each hand has a name on it, it can be returned to the correct owner at the 
end of the activity. Additionally, a student who needs clarification knows who they 
need to seek out, or if a student wants to check their answer to the tricky question, 
they know who to check with. 
 
(Fuller, 2009) 
 
 
 
(Neuro-changers, nd) 
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$2.00 SUMMARY 
This learning tool is used to help students review learning and to summarise a text, a 
concept or learning.  
 
Although this learning tool can be completed by individual students, it is far more 
powerful when completed by pairs, as this allows students to practise and refine 
vocabulary, share ideas and talk themselves into deeper understanding.  
 
The learning tool works by allocating each pair $2.00 worth of words. The amount 
allocated should be dependent on the complexity of the concept, text or learning 
being summarised. Each word is worth ten cents (or five cents depending on 
complexity). Students may spend a maximum of $2.00 in building a sentence or 
paragraph that summarises the text, concept or learning. If you want to make it a 
little trickier, you can charge five cents for each piece of punctuation used. 
 
SMS SUMMARY 
SMS messages can contain only 160 characters (or 140 characters for a standard 
twitter message). Text messaging is a real-world example of summarising. Encourage 
students to use the SMS world limit rules to write a summary of the learning. 
 
(Gregory & Kaufeldt, 2012, p. 53) 
 
DOLLAR WORDS 
This learning tool can be applied to a range of contexts and content areas. You could 
use it in scattergory/scattergram activities, or in a ‘How many words can you make 
from…’ activity. It could also be used as an editing activity when reflecting on student 
writing or with reading activities, where students are asked to find and highlight 
expensive ‘dollar words’ or to suggest more expensive ‘dollar words’ that could be 
exchanged for cheaper ‘dollar words’.  
 
Words are valued based on the letters used to make the word. You do this by 
allocating a numerical value to each letter of the alphabet. You could use the value 
from the scrabble tiles, or a simple A= $0.01, B= $0.02, C= $0.02 …. Y= $0.25, Z= $0.26 
scheme. Once a word is constructed, students then determine the value of each word 
by adding up the value of the letters. 
(Gregory & Kaufeldt, 2012, p. 55) 
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PLENARY PLACEMAT 
A plenary placemat is an effective tool to use in helping students to close a learning 
episode. Students are issued with a placemat and in pairs take turns to use a 
reflection stem to review the learning they have been involved in. 
 
 
 
 
 
 
 
 
(Ali, 2015) 
 
 
 
 
("New online Performance and Development Review form," 2015) 
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Fuller, A. Into the Mystery of the Adolescent Mind. Available online at 
http://www.andrewfuller.com.au/free/TheAdolescentBrain.pdf  
 
Jensen, E. (2005). Teaching with the Brain in Mind (2nd Ed). Alexandria, Va: 
Association for Supervision and Curriculum Development. 
 
Jensen, E. (2006) Enriching the Brain: How to Maximise Every Learner’s Potential. 
San Francisco: Jossey-Bass, A John Wiley and Sons Imprint. 
 
Nagel, M. C., in Pendergast, D., Bahr, N. (eds). (2005). Teaching Middle Years: 
Rethinking Curriculum, Pedagogy and Assessment. Allen and Unwin: Sydney. (p65 
– 76) 
 ‘Crazy by Design’ Pedagogical Practices and Learning Tools Handbook  
Collated by Donna Plumridge for Workplace Project 1 - Doctor of Education, Western Sydney University 
82 
Sousa, D., (2006). How the Brain Learns. (3rd Ed). Corwin Press: California. 
 
Sousa, D., (2012) Translating Brain Research into Classroom Practice - 2012 T3 
International Conference Keynote Presentation. Available online at 
https://www.youtube.com/watch?v=dxWYFMTIfRE   
 
Strauch, B. (2003) The Primal Teen. New York: Anchor books. 
 
Andrew Fuller Website:  
http://www.andrewfuller.com.au/index.php?Do=ContentView&pageno=100 
 
Michael Carr-Gregg Website 
http://www.michaelcarr-gregg.com.au/ 
  
 ‘Crazy by Design’ Pedagogical Practices and Learning Tools Handbook  
Collated by Donna Plumridge for Workplace Project 1 - Doctor of Education, Western Sydney University 
83 
References 
AdLit.org. (2015). Classroom strategies: Exit slips. Retrieved from 
http://www.adlit.org/strategies/19805/ on 20 April 2015: WETA. 
Ainsworth, S., Prain, V., & Tytler, R. (2011). Drawing to Learn in Science. Science, 333, 1096-
1097.  
Ali, A. (2015). Plenary placemats. Retrieved from 
http://cheneyagilitytoolkit.blogspot.com.au/2015/01/plenary-placemats.html on 
29 May 2016: Amjad Ali. 
Are you crafty? (nd). Paddle pop sticks 1. Retrieved from 
http://craftyalways.weebly.com/paddle-pop-sticks.html on 24 July 2016: Are you 
crafty? 
Baker, E. A. (Ed.) (2010). The new literacies: Multiple perspectives on research and practice. 
New York: Guildford Press  
Blakemore, S., & Choudhury, S. (2006). Development of the adolescent brain: Implications 
for executive function and social cognition. Journal of Child Psychology and 
Psychiatry, 47(3/4), 296-312.  
Brimhall, M. (2013). Retention during a learning episode. Retrieved from 
https://prezi.com/evdjirnmz7c1/retention-during-a-learning-episode/ on 27 June 
2016: Prezi. 
Buzzle. (2015). Fishbone Diagram Template. Retrieved from 
http://www.buzzle.com/articles/fishbone-diagram-and-printable-template.htmlv 
on 29 Maay 2016: Buzzle.com. 
Catalyst. (2005). Teen brain. Retrieved from 
http://www.abc.net.au/catalyst/stories/s1424747.htm on 4 June 2016: ABC. 
Clemente, R. (nd). Hands down: Pose, pause, bounce, and pounce. Retrieved from 
http://ctl.byu.edu/tip/hands-down-pose-pause-bounce-and-pounce on 13 March 
2015: Brigham Young University Centre for Teaching and Learning. 
Coops, A. (nd). ‘But she’s my friend!’ – the power of making connections. Retrieved from 
https://anniecoops.com/2015/01/18/but-shes-my-friend-the-power-of-making-
connections/ on 24 July 2016: Anniecoops. 
Crawford, G. B. (2007). Brain-based teaching with adolescent learning in mind (2nd ed.). 
Thousand Oaks, Calif.: Corwin Press. 
Crookedbrains. (2012). 15 Unusual Pen Holders and Unique Pencil Holders - Part 2. 
Retrieved from http://www.crookedbrains.net/2012/01/creative-pen-holders-cool-
pencil-holder.html on 24 July 2016: Crookedbrains. 
Curriculum Support Directorate. (1998). Teaching Literacy in English in Year 7. Sydney: NSW 
Department of Education and Training. 
Del Vecchio, A. (2013). The Star Wars March madness tourney. Retrieved from 
https://themaindamie.com/2013/03/18/the-star-wars-march-madness-tourney/ 
24 July 2016: The Main Damie. 
Doc Zoo. (2012a). The classroom experiment - Episode 1. Retrieved from 
https://www.youtube.com/watch?v=J25d9aC1GZA on 19 April 2015: YouTube. 
Doc Zoo. (2012b). The classroom experiment - Episode 2. Retrieved from 
https://www.youtube.com/watch?v=1iD6Zadhg4M 19 April 2015: YouTube. 
Dodge, J. (2009). 25 quick formative assessments for a differentiated classroom. New York, 
USA: Scholastic Inc. 
Dr. Jean's February 2013 Activities. (2013). Executive function: What? (cont). Retrieved 
from http://www.drjean.org/html/monthly_act/act_2013/02_Feb_css/pg05.html 
on 5 January 2017: Dr. Jean and Friends. 
Durley, C. (2012). Day 1 Activities: Set the stage. Retrieved from 
https://cdurley.com/tag/whiteboarding/ on 24 July 2016: A Fine Balance. 
 ‘Crazy by Design’ Pedagogical Practices and Learning Tools Handbook  
Collated by Donna Plumridge for Workplace Project 1 - Doctor of Education, Western Sydney University 
84 
Education Services Australia. (nd-a). Background. Retrieved from 
http://www.assessmentforlearning.edu.au/professional_learning/learning_intentio
ns/learning_research_background.html on 24 July 2010: Education Services 
Australia. 
Education Services Australia. (nd-b). Examples of learning intentions. Retrieved from 
http://www.assessmentforlearning.edu.au/professional_learning/learning_intentio
ns/learning_examples_intentions.html on 24 July 2010: Education Services 
Australia. 
Education Services Australia. (nd-c). Learning intentions. Retrieved from 
http://www.assessmentforlearning.edu.au/professional_learning/modules/learnin
g_intentions/learning_intentions_landing_page.html on 24 July 2010: Education 
Services Australia. 
Evelyn, N. (nd). Explore Study Tips, Sticky Notes and more! Retrieved from 
https://au.pinterest.com/pin/342273640406938530/ on 24 July 2016: Pinterest. 
Freshwinds Institute of Integrated Medicine. (2010). FIIM present talk at Grimsby health 
fair. Retrieved from http://www.fiim.co.uk/fiim-present-talk-at-grimsby-health-
fair/ on 24 July 2016: Freshwinds Institute of Integrated Medicine. 
Fuller, A. (2009, 29 July 2009). Don't waste your breath: An introduction to the mysterious 
world of the adolescent brain. Paper presented at the Reading for Learning in the 
Middle Years, Liverpool, NSW. 
Fuller, A. (2011). Brain based learning manual   Retrieved from www.fuller.com.au  
Gallagher, K. (2004). Deeper reading - Comprehending challenging texts, 4-12. Portland, 
Maine: Stenhouse Publishers. 
GoGraph. (2017). business team work building a puzzle. Business developing concept. 
Retrieved from http://www.gograph.com/illustration/business-team-work-
building-a-puzzle-business-developing-concept-gg57907972.html on 5 Janary 2017: 
GoGraph. 
Gregory, G., & Kaufeldt, M. (2012). Think big, start small: How to differentiate instruction in 
a brain-friendly classroom. USA: Solution Tree Press. 
Gupta, S. D. (nd). What does the prefrontal cortex do? Retrieved from 
https://www.quora.com/What-does-the-prefrontal-cortex-do on 24 July 2016: 
Quora. 
Gurung, J. (2012). Using mini-whiteboards to transform classroom practice Stuff I'm 
learning at school: The thoughts of a secondary teacher and leader. (Vol. 2015). 
Retrieved from http://stuffimlearning.azurewebsites.net/2012/10/using-mini-
whiteboards-to-support-teaching-and-learning/ on 11 June 2016: Gurung, J. 
Haswell. (2015). Destiny Number 7. Retrieved from http://www.kea0.com/destiny-number-
7/ on 18 February 2017: Kosmic Energy Activation. 
Howard-Jones, P. (2007). Neuroscience and education: Issues and opportunities. Retrieved 
from 
http://learning.gov.wales/docs/learningwales/publications/130212neuroscience-
and-educationen.pdf on 12 April 2016. 
Howard-Jones, P. (2010). Introducing neuroeducational research: Neuroscience, education 
and the brain from contexts to practice. London: Routledge. 
Hoyt, L. (2009). Revisit, reflect, retell: Time-tested strategies for teaching reading 
comprehension. Portsmouth: Heinemann. 
Jensen, E. (2008). Brain-based learning: The new paradigm of teaching. California: Corwin 
Press. 
Jensen, E. (2012). Understanding brain-based learning. Retrieved from 
http://www.jensenlearning.com/news/category/brain-based-teaching on 19 April 
2015: Brain Based Learning. 
 ‘Crazy by Design’ Pedagogical Practices and Learning Tools Handbook  
Collated by Donna Plumridge for Workplace Project 1 - Doctor of Education, Western Sydney University 
85 
Keir. (2011). The-thinker. Retrieved from http://freelyassociating.org/2011/08/reading-on-
the-riot-act/the-thinker/ on 25 June 2016: The Free Association. 
Kerr, S. (2015). Excuse me, is your university access-friendly? Retrieved from 
http://globalaccessproject.com/uncategorized/excuse-university-access-friendly/ 
on 17 June 2017: Global Access Program. 
Knauss, F. (2008). Accountable talk. Retrieved from 
http://mathpl.us/conferences/cmc07/accountabletalk.html on 19 April 2016: 
Knauss, F. 
Kowalczyk, D. (nd). Recency effect in psychology: Definition and example. Retrieved from 
http://study.com/academy/lesson/recency-effect-in-psychology-definition-
example-quiz.html on  2 July 2016: study.com. 
lil'panda. (2011). Say bambooooo. Retrieved from 
http://imgfave.com/collection/15383/Humor on 5 January 2017: lil'panda blog. 
Marquis, J. (2011). Looking at connectivism as a new learning theory. Retrieved from 
http://www.onlineuniversities.com/blog/2011/12/looking-at-connectivism-as-a-
new-learning-theory/ on 24 July 2016: OnlineUniversities.com. 
MDHealth.com. (2015). Lobes of the brain and their function. Retrieved from 
http://www.md-health.com/Lobes-Of-The-Brain.html on 9 April 2015: 
MDHealth.com. 
Moline, S. (nd). K-8 visual literacy. Retrieved from http://k-8visual.info on 27 June 2012: 
Steve Moline. 
Neuro-changers. (nd). Thankful for the helping hand! Retrieved from 
http://aim2walk.ca/thankful-for-the-helping-hand/ on 5 January 2017: Neuro-
changers. 
New online Performance and Development Review form. (2015). Retrieved from 
https://services.anu.edu.au/news-events/new-online-performance-and-
development-review-form on 17 June 2017: Australian National University. 
New South Wales Department of Education and Training. (1999). Follow up to ELLA: 
Programming and strategies handbook. New South Wales State Literacy Strategy 
New South Wales Department of Education and Training,. 
New South Wales Department of Education and Training. (2004). Policy and 
implementation strategies for the education of gifted and talented students: 
Curriculum K–12 Directorate. 
New South Wales Department of Education and Training. (2007). Writing and spelling 
strategies: Assisting students who have additional learning support needs. NSW: 
New South Wales Department of Education and Training. 
New South Wales Department of Education and Training. (2008). Literacy overview. 
Retrieved from http://www.schools.nsw.edu.au/learning/7-
12assessments/naplan/teachstrategies/yr2008/literacy/LL_Over.htm 30 June 2010: 
Educational Measurement and School Accountability Directorate. 
Noonan, M. (2014). How to use google analytics content groupings: Part 1. Retrieved from 
http://www.seerinteractive.com/blog/how-to-use-google-analytics-content-
groupings-part-1/ on 24 July 2016: Seer. 
Noschese, F. (2010). The $2 Interactive Whiteboard Action-Reaction: Reflections on the 
dynamics of teaching. Retrieved from 
https://fnoschese.wordpress.com/2010/08/06/the-2-interactive-whiteboard/ on 
18 June 2016. 
NSW Department of Education and Training. (2009). An Introduction to Quality Literacy 
Teaching. Sydney: New South Wales Department Of Education and Training. 
 ‘Crazy by Design’ Pedagogical Practices and Learning Tools Handbook  
Collated by Donna Plumridge for Workplace Project 1 - Doctor of Education, Western Sydney University 
86 
O'Shea, K. (2012). Whiteboard speed dating Physics! Blog! (Vol. 2015). Retrieved from 
https://kellyoshea.wordpress.com/2012/01/22/whiteboard-speed-dating/ on 19 
April 2015: O'Shea, K. 
Otto Wurz. (nd). Novelty gifts. Retrieved from http://www.ottowurz.com/product/product-
13/ on 24 July 2016: Otto Wurz. 
Parade Antiques. (2017). WWII Collection German U Boat Submarines Original Photographs 
4. Retrieved from https://www.paradeantiques.co.uk/militaria/ephemera-
photographs/wwii-collection-german-u-boat-submarines-original-photographs-4 
on 5 January 2017: Parade Antiques Online. 
Photodisc. (2002). One reason why teens respond differently to the world: Immature brain 
curcuitry. Retrieved from 
http://www.pbs.org/wgbh/pages/frontline/shows/teenbrain/work/onereason.htm
l 21 March 2012: WGBH educational foundation. 
Plumridge, D. (2012). Treasure hunt. Photograph. Unpublished personal photograph.  
Pumped for Pizza. (2012). How to talk with people. Retrieved from 
https://pumpedforpizza.wordpress.com/2012/07/16/how-to-talk-with-people/ on 
24 July 2016: Pumped for Pizza. 
Revlin, R. (2013). Cognition: Theory and practice. Wortyh Publishers: New York. 
Richer, P. (2016). Predicting disruption. Retrieved from 
http://news.wtmlondon.com/blog/technology/predicting-disruption/ on 24 July 
2016: World Travel Market. 
Rowe, M. B. (1972). Wait-time and rewards as instructional variables: Their influence on 
language, logic, and fate control. Retrieved from 
http://files.eric.ed.gov/fulltext/ED061103.pdf on 2 July 2016: Presented at the 
National Association for Research in Science Teaching, Chicago, Illinois. 
Rowe, M. B. (1974). Reflections on wait-time: Some methodological questions. Journal of 
Research in Science Teaching, 11(3), 263–279.  
Salek, Y. (2013). The time I went speed dating. Retrieved from 
http://www.cultistzine.com/2013/02/05/true-story-the-time-i-went-speed-dating/ 
on 24 July 2016: Cultist. 
Scaleup. (2015). Sureshot Group Discussion Craker Retrieved from 
http://www.scaleupsdc.com/category/group-discussion/ on 5 January 2017: 
Scaleup. 
Schenck, J. (2011). Teaching and the adolescent brain. New York: W. W. Norton and 
Company. 
Siegel, D. J. (2014). Pruning, myelination, and the remodeling adolescent brain. Retrieved 
from https://www.psychologytoday.com/blog/inspire-rewire/201402/pruning-
myelination-and-the-remodeling-adolescent-brain on 4 June 2016: Psychology 
Today. 
Simon, C. A., & Striegel, P. (2016). Strategy guide: Exit slips.    
Sousa, D. A. (2006). How the brain learns (3rd ed.). California: Corwin Press. 
Sousa, D. A. (2010). Brainy teaching: Educational neuroscience and classroom practice 
[online]. Teacher: The National Education Magazine, April 2010, 24-26.  
Sousa, D. A., & Tomlinson, C. A. (2011). Diferentiation and the brain: How neuroscience 
supports the learner-friendly classroom. USA: Solution Tree. 
Spear, L. P. (2003). Neurodevelopment during adolescence Neurodevelopmental 
mechanisms in psychopathology. Cambridge: Cambridge University Press. 
Steel, S. (2014). The impactful ‘curve of forgetting’. Retrieved from 
http://www.salesactivator.com/resources/blog/impactful-curve-forgetting/ on 20 
April 2015: The Sales Activator Limited. 
 ‘Crazy by Design’ Pedagogical Practices and Learning Tools Handbook  
Collated by Donna Plumridge for Workplace Project 1 - Doctor of Education, Western Sydney University 
87 
Suave's Republique Cricket. (2010). I done did the stuff. Retrieved from 
https://republiquecricket.wordpress.com/ on 1 January 2017. 
Taunque, J. (2013). Healthy talk. Retrieved from http://300stories.com/healthy-talk on 24 
July 2016: 300 Stories. 
Technostories. (2010). Time to stretch. Retrieved from 
https://technostories.wordpress.com/2010/02/03/time-to-stretch/ on 4 January 
2017: Bev's adventures in ICT. 
Terry, W. S. (2005). Serial effects in recall of televsion commercials. The Journal of General 
Psychology, 132(2), 151-164.  
West Liberty-Salem Local School District. (2015). Think Pair Share. Retrieved from 
http://www.wls.k12.oh.us/site/default.aspx?PageType=3&ModuleInstanceID=549
&ViewID=047E6BE3-6D87-4130-8424-
D8E4E9ED6C2A&RenderLoc=0&FlexDataID=177&PageID=503 on 20 April 2015: 
Blackboard Inc  
Westside Internal Medicine. (2016). Healthy Toolbox. Retrieved from 
http://westsideinternalmed.com/healthy-toolbox/ on 4 January 2017: Westside 
Internal Medicine. 
Westwood Library Learning Commons. (nd). Word Web Brainstorm. Retrieved from 
https://marizsuunn.files.wordpress.com/2011/03/graphic_organizer-1.jpg on 29 
May 2016: Westwood Library Learning Commons. 
Wiliam, D. (2014). The Right Questions, The Right Way. Educational Leadership, 71(6), 16-
19.  
Willis, J. (2007a). Brain-friendly strategies for the inclusion classroom - Insights from a 
neurologist and classroom teacher. Alexandria, VA: Association for Supervision and 
Curriculum Development. 
Willis, J. (2007b). Which Brain Research Can Educators Trust? Phi Delta Kappan, 88(9), 697-
699.  
Willis, J. (2015, March 2015). Powerful Classroom Strategies from Neuroscience Research, 
Sydney, NSW. 
Wolfe, P. (2001). Brain matters: Translating research into classroom practice. Virginia: 
Associtation for Supervision and Curriculum Development. 
Zazzle. (2016). Teenager T-Shirts. Retrieved from 
http://www.zazzle.com.au/teenager+tshirts pn 24 July 2016: Zazzle. 
 
265 
  
266 
Appendix E 
 
Development of Teacher Learning Workshop Package 
 
Date Teacher Learning Activity Details 
22 March, 2010 Workshop Under Development 
Reading for Understanding in the 
Middle Years – Action Research 
Curriculum Project 
 
The Middle Years Brain Research and 
Implications for Middle Years 
students - Three hours 
Type of Participants: A 
team of three to five 
teachers of students in 
Years 5 to 9 from schools 
in Regional Schools.  
 
Number of participants: 
49 
4 March, 2011 Workshop Under Development  
Request to present at Newly 
Appointed Early Career Teachers 
Welcome and Orientation to the 
Region 
 
The Brain and How It Learns: One 
hour ‘taster’ session (run twice) 
Type of Participants: 
Beginning Teachers  
 
Number of participants: 
60 (total over two 
sessions) 
27 April, 2011 Workshop Under Development  
Black High School, Yellow Public 
School, Green Public School and Red 
Park Primary Schools  
 
Combined School Development Day 
presentation – Sessions 2 and 3 – 3 
1/2hours 
Type of Participants: 
Teachers and school 
leaders from Black High 
School, Yellow Public 
School, Green Public 
School and Red Park 
Primary Schools   
 
Number of participants: 
75 
29 April, 2011 Workshop Registered with NSW 
Institute of Teachers, Course Code 
151SWR078 
 
9 May, 2011 Trialling Workshop Presentation 
and Materials  
 
Regional Consultants Professional 
Learning Workshop: Crazy by Design: 
Brain research and its implications 
for teaching adolescents 
 
Consultants PL Whole Day Workshop 
 
Registered Course - 25932 
Type of Participants: 
Consultants from the 
Regional Curriculum and 
Leadership portfolio, 
including ICT, Literacy, 
Numeracy, Professional 
Learning and Early Career 
Teachers Consultants 
 
Number of participants: 
13 
15 August, 2011 Trialling Workshop Presentation 
and Materials  
 
Regional Teacher Learning 
Workshop: Crazy by Design: Brain 
Type of Participants: 
Stage 3-5 teachers from 
Regional schools. 
Number of participants: 
15 
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research and its implications for 
teaching adolescents 
 
Registered Course – 26732 
 
Flyer attached 
Sample comments from 
evaluations 
“This is one of the most 
exciting workshops with 
the best presenter I have 
come across. Like to hear 
her more.... I understood 
everything the presenter 
said for the first time in 
my professional 
development. I am very 
much interested in more 
information about 
adolescents and their 
brain.” 
 
“I thought the 
information given was 
really practical and 
interesting. The activities 
and video clips were 
excellent and innovative.” 
 
“We definitely need 
information about 
adolescents to help us 
tailor our lessons even 
better by understanding 
the needs of our 
individual learners.” 
“It ticked a lot of boxes as 
I recalled certain 
behaviours of students.” 
19 December, 
2011 
Trialling Workshop Presentation 
and Materials  
 
Brown High School 
School Development Day 
presentation – Three hours 
 
Type of Participants: 
Teachers and school 
leaders from Orange High 
School. 
 
Number of participants: 
75 staff 
16 July 2012 Purple High School 
 
School Development Day 
Presentation – Whole Day 
 
Registered Course - 40575 
Type of Participants: 
Teachers and school 
leaders from Purple High 
School. 
 
Number of participants: 
98 staff 
Sample comments from 
evaluations 
“The correlation between 
brain developments, 
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function and activity in 
relation to adolescent 
learning behaviours. This 
is fundamental to 
improving teaching 
practices, increasing the 
holistic approach to 
understanding student 
patterns of learning”. 
 
“Allowed me to think 
more clearly on my 
professional practice 
when I am guiding 
colleagues (whether 
beginning or 
experienced) and myself 
in other ways of 
approaching the teaching 
of a topic to better 
enhance learning”. 
 
“It has provided me with 
a better understanding of 
why teenagers behave 
the way they do. I think it 
will help me plan and 
organise my lesson, more 
focused on how better 
learning can take place”. 
29 April 2013 Trialling Workshop Presentation 
and Materials  
 
Purple High School 
 
School Development Day 
Presentation – One hour 
Non-registered Course - 59321 
Type of Participants: 
Teachers and school 
leaders from Purple High 
School. 
 
Number of participants: 
20 staff 
 
Sample comments from 
evaluations 
“Most important thing I 
learned was how the 
information processing 
model works and that as 
teachers we are brain 
changers” 
“Having an insight into 
how the human brain 
works now allows me to 
structure my teaching 
appropriately”. 
269 
15 July 2013 Purple High School 
 
School Development Day 
Presentation – One hour 
Non-registered Course - 62310 
Type of Participants: 
Teachers and school 
leaders from Purple High 
School. 
 
Number of participants: 
16 staff 
 
Sample comments from 
evaluations 
“Learning activities and 
strategies as suitable for 
different clientele in a 
school. This is important 
because it enables me as 
a teacher to choose more 
appropriate strategies for 
different students in my 
classes”. 
 
“A better understanding 
of how the teenage brain 
functions will influence 
my teaching and 
learning”. 
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Please note: Flyer has been de-identified for inclusion in this portfolio.  
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Appendix F 
 
Selected Sections from Registration of the Teacher Learning Workshop with NSW 
My PL@Edu – ‘Crazy by Design’ 
 
MyPL@Edu was an internet-based online professional learning system that managed 
the advertising, enrolment and record keeping of developed, registered and non-
registered courses and programs for the NSW DEC. It could be accessed by all staff in 
the NSW DEC and any community members who wished to apply for enrolment in 
NSW DEC professional learning events, including pre-service teachers, teachers in 
non-government schools, interstate and international educators. 
At the time that endorsement as registered teacher learning was being sought for 
this teacher learning, course developers provided a submission via MyPL@Edu. The 
submission required a brief rationale for the course, an outline of the course content, 
description of the research or methodology that underpins the courses and an 
outline of the delivery and assessment strategies. The NSW Institute of Teachers 
Standards addressed by the course must be identified and the ways in which the 
course addresses the standards detailed. Course materials must also be provided. 
Once the NSW DEC Professional Learning and Leadership Development Directorate 
checks that all aspects of the submission meet the criteria for registration, a course 
will be registered and be allocated a course code. MyPL@Edu has recently been 
replaced with a similar but new system named simply MyPL. The update coincided 
with the name change from the NSW DEC to NSW Department of Education on 1 July 
2015.  
The “Crazy by Design: Brain research and its implications for teaching adolescents” 
course has been registered for five hours of teacher learning and has a course code 
of 151SWR078. 
 
Course Details 
Course Rationale 
Teacher practice is informed by many pedagogical tools, but currently knowledge of 
brain research, is not in that repertoire. The aim of this workshop is to broaden 
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pedagogical repertoires to include knowledge of brain research as it relates to 
adolescent specific needs. 
 
Outline of Content 
1. How the brain impacts on adolescent learning. This section will include an 
introduction to the basic brain structure and function and an exploration of the 
essential understandings about adolescence. These essential understandings explore 
the changes that the brain undergoes during adolescence and the relationship 
between these brain changes and typical adolescent behaviours.  
2. Implications of brain changes during adolescence for teaching adolescents in years 
5-12. This section will examine key brain based pedagogical practices. They will be 
explored in terms of the brain research that underpins them and the practical 
implications of their use in planning and delivering learning in Years 5 - 12.  
 
Research or Methodology that Underpins this Course 
• Brain research including: Clarksdon (2010), Feinstein (2004, 2007), Geidd (2008), 
Jensen (2005, 2006b, 2008), Sousa (1998, 2006, 2010), Strauch (2003), and 
Sylwester (1995, 2005, 2007). 
• Middle Years research including: Chadbourne, 2001; Dinham and Rowe, 2007; 
New South Wales Department of Education and Training, 2006; NSW Department 
of Education and Training, 2003d, 2008. 
• NSW Quality Teaching research and documents.  
 
Outline of Delivery Strategies 
This professional learning will be delivered through a one-day workshop. The 
professional learning strategies that the participants will engage with during the 
workshop will include presentations, hands-on activities, pair and table directed 
discussions and personal, pair and group reflection opportunities. This course could 
be delivered by anyone with knowledge of current brain research and an 
understanding of the pedagogical implications of this research to current year 5 - 12 
classrooms.  
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Outline of Assessment Strategies 
To successfully complete this workshop, participants must:  
• Attend for the whole day.  
• Participate in all workshop activities. Workshop activities include several hands- 
on and group activities including a group construction of a brain concept map and 
a short-term memory model. Reflection activities also provide opportunities for 
participants to make connections between workshop activities and their own 
classroom/stage or faculty/school contexts.  
• A workshop evaluation is to be completed by each participant. 
 
Evaluation Process for this Course 
This course will be evaluated against the Professional Teaching Standards at the key 
stage of Professional Competence. 
 
NSW Institute of Teachers Registration Details 
• Registered Course Code = 151SWR078 
 
Elements and Standards Addressed by This Course 
Please note: The elements and standards referenced here are not the current 
Australian Teaching Standards as these were not released at the time of 
development of the original workshop package. The elements and standards 
referenced here are the NSW Teaching Standards, which were the teaching elements 
and standards current at the time of development. 
 
Table 3.1 
 
Elements and Standards Addressed by this Course 
Please note: The elements and standards referenced here are not the current 
Australian Teaching Standards as these were not released at the time of 
development of the original workshop package. The elements and standards 
referenced here are the NSW Teaching Standards, which were the teaching elements 
and standards current at the time of development. 
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Element Standard 
1. Teacher knows their subject 
and how to teach it to 
students 
1.2.2: Apply research-based, practical and theoretical 
knowledge of the pedagogies of the 
content/discipline(s) taught to meet learning needs of 
students. 
 
Course addresses this Standard by...  
This workshop is strongly research-based, practical and 
provides a rich theoretical base to challenge current 
pedagogies. This workshop prompts teachers to 
examine their own and current school practices in 
adolescent education. Educators of Years 5-12 who 
participate in this workshop will deepen their 
knowledge of the brain, its structure and function. It 
will also deepen understanding of the essential 
understandings of adolescence. Workshop content will 
make practical links to classroom and planning 
practices for adolescents. This will then provide a 
strong pedagogical base to develop high quality 
literacy learning activities to meet the learning needs 
of students. 
 
6.2.3: Engage in professional development to extend 
and refine teaching and learning practices.  
 
Course addresses this Standard by...  
The professional learning strategies that the 
participants will engage with during the course include 
presentations, hands-on activities, pair and table 
directed discussions and personal, pair and group 
reflection opportunities. The building in of time for 
personal reflection, working and sharing with partners 
and table groups provides opportunities to extend and 
refine teaching and learning practices. Participants will 
explore the essential understandings of adolescents 
and the brain based pedagogical practices. These will 
be teased out to identify the day to day micro 
strategies and processes that teachers would employ 
to enact the pedagogical practices. 
 
Course Evaluation Questionnaire - Post Event 
1. To what extent did the course or program address Standard 1.2.2: Apply research-
based, practical and theoretical knowledge of the pedagogies of the 
content/discipline(s) taught to meet learning needs of students? 
 
Low    1    2    3    4    5     High (please circle one) 
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2. To what extent did the course or program address Standard 6.2.3: Engage in 
professional development to extend and refine teaching and learning practices? 
 
Low    1    2    3    4    5     High (please circle one) 
 
3. How would you rate your knowledge and understanding of the brain prior to 
today's workshop? 
 
Low    1    2    3    4    5     High (please circle one) 
 
4. How would you rate your knowledge and understanding of the brain after 
participating in today's workshop? 
 
Low    1    2    3    4    5     High (please circle one) 
 
5. How would you rate your knowledge and understanding of the information 
processing model of how the brain learns prior to today's workshop? 
 
Low    1    2    3    4    5     High (please circle one) 
 
6. How would you rate your knowledge and understanding of the information 
processing model of how the brain learns after participating in today's workshop? 
 
Low    1    2    3    4    5     High (please circle one) 
 
7. How would you rate your knowledge and understanding of the essential 
understandings of adolescence prior to today's workshop? 
 
Low    1    2    3    4    5     High (please circle one) 
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8. How would you rate your knowledge and understanding of the essential 
understandings of adolescence after participating in today's workshop? 
 
Low    1    2    3    4    5     High (please circle one) 
 
9. What is/are the most important thing/s you learned and why? 
 
10. In what way(s) has this workshop changed your professional practice? 
  
11. What will you do at school because of this workshop? 
  
12. What changes would you suggest to improve this workshop? 
  
13. How well did this workshop meet your professional learning needs? 
 
Low    1    2    3    4    5     High (please circle one) 
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Summary and Recommendations 
Key ideas from Scholarly Paper 1 
• Brain research has the potential to inform teaching. 
• Teachers are brain changers and have a professional obligation to understand 
brain research and its application to the classroom. 
• Teachers need to develop a critical neuroliteracy. This requires teachers to 
develop the knowledge and skills to interpret and use research confidently - to 
be more than just passive participants in learning. They need to be active teacher 
researchers.  
 
Key ideas from Workplace Project 1 
• Brain research is generating new knowledge which has the potential to better 
understand and improve educational practice. 
• Teachers learnt a lot from the ‘Crazy by Design’ Teacher Workshop which was 
the first step towards addressing the gap in teacher knowledge about the brain 
research and its implications for the adolescent classroom.  
• Teachers need to develop their knowledge and understanding further across a 
range of diverse and active teacher learning activities. 
 
Recommendations for next steps 
• Explore how teacher research, and especially teacher action research, can be 
used as a powerful teacher learning methodology.  
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CHAPTER 4 – SCHOLARLY PAPER 2 - LITERATURE REVIEW OF TEACHER 
LEARNING 
 
Chapter 4 builds on the teacher learning of Workplace Project 1 by examining the link 
between teacher learning and teacher research. This chapter describes teacher 
learning as being at the junction of many different knowledge bases from the field of 
educational research. The ‘professional learning’ versus ‘professional development’ 
debate is explored and different criteria for ‘quality’ and ‘effective’ teacher learning 
are collated and synthesised to identify commonalities. This chapter argues the 
importance of teacher learning being relevant, cohesive, situated, active, 
collaborative, sustained and inquiry-based, and makes links between these criteria 
and the definition of research as deliberate, systematic and having fitness for 
purpose. It compares different definitions and models of knowledge. Finally, it 
evaluates teacher action research1 as a methodology for effective teacher learning. 
In sum, it provides a comprehensive review and rationale for the approach to teacher 
learning used at PHS. 
 
What is Teacher Learning? 
Effectiveness is an important consideration of teacher learning and while this is 
addressed later in the chapter, I am aware that 
the characteristics that influence the effectiveness of professional 
development are multiple and highly complex. It may be unreasonable, 
therefore, to assume that a single list of characteristics leading to 
broadbrush policies and guidelines for effective professional 
development will ever emerge, regardless of the quality of professional 
development research. Still, by agreeing on the criteria for 
“effectiveness” and providing clear descriptions of important contextual 
elements, we can guarantee sure and steady progress in our efforts to 
improve the quality of professional development endeavours (Guskey, 
2003, p. 750). 
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Teacher learning, as a field of research, sits at the junction of many different 
knowledge bases. Kennedy (1991) describes this intersection as being situated 
between research into, and theory underpinning, teaching and learning. Wallace and 
Mulholland (2012) describe teacher learning as a complicated relationship between 
individual and collective learning needs and application in praxis, the cognitive act of 
knowing and the situative or specific context of the learning.  
 
The reflective practitioner movement (Schön, 1983) encouraged teachers to become 
more involved in teacher learning as a way of addressing problems of practice 
identified during reflection processes. The reflective practitioner movement 
acknowledged the expertise of teachers (Zeichner, 2008), challenged teachers to be 
more than translators of other people’s research and to see teaching as more than 
merely a technical activity. This, along with the teacher-as-researcher movement 
(Cochran-Smith & Lytle, 1993, 1999a, 1999b, 2009) has contributed to legitimising 
teachers’ experiences and ways of knowing in a research context.  
 
Teacher learning as defined here, is not simply the “passive accumulation of new 
knowledge” (Kennedy, 1991, p. 3). It is meant to be an active and social process that 
generates knowledge, and modifies and reinterprets new ideas. The traditional 
knowledge transmission model, which privileges the researcher and marginalises the 
teacher to the position of knowledge receiver, has been for some time challenged by 
sociocultural (Johnson & Golombek, 2002; Kelly, 2006) or situated cognition (Putnam 
& Borko, 2000; Webster-Wright, 2009) models, in which teachers create knowledge 
in context. This also supports teacher ownership of knowledge generation, focuses 
on practice and engages with processes that aim for coherence, collegiality, active 
learning and systematic support (Wallace & Loughran, 2012). The reason teachers 
generally participate in teacher learning is to provide opportunities to acquire and 
refine knowledge and skills which can be applied in later practice (Cisterna, Gotwals, 
Kintz, Lane & Roeber, 2016; Kennedy, 1991) to improve student learning (Guskey, 
2003).  
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For this paper, the moral and professional imperative that underpins a large 
proportion of teacher learning is improved student learning. 
 
Teacher learning can take many forms, including, but not restricted to, informal 
learning opportunities to improve teaching; workshops and training sessions; staff 
meetings; formal coursework; conferences and seminars; reading professional 
literature; network meetings; individual and collaborative research; mentoring; 
coaching and peer observation. Learning activities may be engaged in through a face-
to-face or online mode. Teacher learning should ideally be both a day-to-day and 
ongoing, sustained process, not based on a model of isolated, unrelated, ‘drive-by’ 
participation. Schwille, Dembélé and Schubert (2007) have proposed a conceptual 
framework that represents a continuum of teacher learning that encompasses the 
full spectrum of formal and informal learning opportunities. The continuum begins 
with an apprenticeship of observation (Kennedy, 1991; Lieberman & Mace, 2008; 
Wilson & Berne, 1999), which describes the learning that teachers gain from 
observing their own teachers while they are young learners. The continuum then 
progresses to pre-service preparation, induction, and ends with in-service teacher 
learning. Different teacher-learners find diverse opportunities for learning in varied 
settings and contexts, and learn from these activities in numerous ways and to 
different levels of success (Drake, Spillane & Hufferd-Ackles, 2001).  
 
It is probably important that teacher learning is as close to the authentic day-to-day 
context of the teacher and that it is built into, not added onto, their authentic day-
to-day work. 
 
Although the ultimate goal of most teacher learning is improved student outcomes, 
determining a traceable causal link is not only difficult but may be impossible (Garet, 
Porter, Desimone, Birman & Yoon, 2001; Guskey, 2003). This is explained through the 
influence of a number of variables including: teacher characteristics such as 
experience and motivation; variables in learners, including cultural and economic 
background and educational stage; the impact of organisational features such as 
access to resources and working conditions, and teacher learning system 
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requirements involving mandated content and learning program availability (Kerka, 
2003). Guskey (2003) describes this as “‘yes, but . . .’ statements” (p. 750) giving 
examples that include: “ ‘yes’, enhancing teachers’ content and pedagogical 
knowledge is important, ‘but’ existing research is limited mainly to investigations of 
mathematics and science instruction” (p. 750). Brock (2016) summarises the current 
research context as needing an authentic evidence-informed causal (not merely 
correlational) link between the provision and experience of teacher learning, and 
demonstrable student learning outcome effects. 
 
This is not to say that teacher effects are solely responsible for students’ outcomes. 
Socio-economic status, for example, has a highly significant impact on student 
learning outcomes (OECD, 2012). Other factors that may hinder student achievement 
may include a misunderstanding of the learning, an incomplete understanding of the 
learning or different and unintended learning.  
 
In this paper, the term ‘teacher learning’ will be used in a specific way to describe 
only the range of learning opportunities and experiences teachers engage in for 
deepening knowledge, refining skills and understandings, and which have the 
potential to result in changed practice and improved pedagogy to benefit students 
and improve student learning outcomes. It will not include all possible teacher 
learning experiences such as studying the history or psychology of education for their 
own sakes. It will describe teacher learning that has the intended outcome of 
improving student learning outcomes. 
 
The Nature of Knowledge 
Most authorities agree that learning usually involves the acquisition of knowledge 
(Novak, 2010) through processes that organise and make meaning of new knowledge 
in relation to prior learning. By definition, teacher learning positions teachers as 
learners. There are many frameworks that have been developed to help understand 
knowledge. There are also many ways in which knowledge is defined and classified. 
Fenstermacher (1994) describes two types of knowledge: formal and practical. Other 
knowledge binaries include technical and practical knowledge (Eick & Dias, 2005), 
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tacit and explicit knowledge (Gorman, 2002; Smith, 2001), knowledge of practice and 
knowledge of science (Van de Ven & Johnson, 2006) and pure and applied knowledge 
(Labaree, 1998). Cochran-Smith and Lytle (1998) describe the various knowledge 
dichotomies presented by Fenstermacher (1994), Schön (1983), Ary, Jacobs and 
Sorensen (2010) and duToit and Lotriet (2009) as limiting and unhelpful, suggesting 
that they fail to accurately capture the “complex and multi-layered understandings 
of learners, culture, class, gender, literacy, social issues, institutions, communities, 
materials, texts and curricula” (Cochran-Smith & Lytle, 1998, p. 24) and neglect the 
political, social, cultural and historical contexts within which teachers work (Cochran-
Smith & Lytle, 1998). They privilege one type of knowledge over another and 
marginalise teacher knowledge. In education, this has been historically evidenced 
through the favouring of formal knowledge generated by academics and the 
undervaluing and sidelining of ‘practical knowledge’ generated by teacher research.  
 
Knowledge can be implicit or explicit; it can be more or less formal or systematic 
(Repko, 2016). Positivist epistemology is based on the belief that “facts” can largely 
only be derived from the scientific method and that this is the only form of legitimate 
knowledge. On the other hand, Richardson (1994) suggests the knowledge question 
is about power and control; it is about who creates the knowledge, who owns the 
knowledge and who uses the knowledge created from research. 
 
The SECI Process 
Nonaka et al. (2000) define knowledge as dynamic (because it is created in social 
interactions), context-specific (because it depends on a particular time and space), 
humanistic (because it is related to human action), active, subjective and relational. 
They also recognise knowledge as a binary concept by suggesting there are two types 
of knowledge: explicit knowledge and tacit knowledge. “Explicit knowledge can be 
expressed in formal and systematic language and shared in the form of data, 
scientific formulae, specifications, manuals” (Nonaka et al., 2000, p. 7). Therefore, 
explicit knowledge can be easily processed, transmitted and store. It is highly 
personal and hard to formalise. It is about learning how to do something and is 
therefore rooted in action, procedures and routines (Nonaka, Toyama, & Konno, 
SCHOLARLY PAPER 2 
285 
2000) and this is why tacit knowledge and implicit knowledge are sometimes used 
interchangeably. Subjective insights, intuitions and hunches are examples of this type 
of knowledge, which can make it difficult to communicate. Nonaka et al. (2000) 
suggest that knowledge is created through a spiralling process of interactions 
between explicit and tacit knowledge which leads to new knowledge.  
 
Nonaka et al. (2000) argue that defintions of knowledge and knowledge creation 
need to recognise that tacit and explicit knowledge are complementary rather than 
contradictory - a view more in line with scholars such as Cochran-Smith and Lytle 
(1998) than with scholars such as Fenstermacher (1994). Nonaka et al. (2000) state 
that both tacit and explicit knowledge are essential to knowledge creation. Based on 
this view, Nonaka et al. (2000) constructed a model of knowledge creation that 
consists of three elements: the SECI process, ‘ba’ and knowledge assets.   
 
The SECI process (an acronym that represents the four different knowledge 
conversions: socialisation, externalisation, combination and internalisation) is 
represented in Figure 4.1.  
 
Figure 4.1 
The SECI Process 
SOCIALISATION 
(Tacit to Tacit)  
EXTERNALISATION 
(Tacit to Explicit) 
INTERNALISATION 
(Explicit to Tacit) 
COMBINATION 
(Explicit to Explicit) 
(adapted from Nonaka et al., 2000) 
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Like Cochran-Smith and Lytle (1998), Nonaka et al. (2000) argue that knowledge 
needs a context to be created. ‘Ba’, (which roughly means ‘place'), is not limited to a 
physical place, but also includes a specific space or time, providing a context in which 
information is interpreted through common interactions to become knowledge. This 
is the second element of the Nonaka et al. (2000) model. 
 
Finally, Nonaka et al. (2000) describe how knowledge assets can affect the direction 
and strength of knowledge development, and therefore need to be made full use of 
to derive a benefit from knowledge production. They describe 4 types of knowledge 
assets:  
• Experiential knowledge assets such as skills and know-how accumulated and 
acquired by individuals through experiences.  
• Conceptual knowledge assets consisting of explicit knowledge expressed through 
images, symbols and language.  
• Systemic knowledge assets including documents, manuals, procedures and 
policies.  
• Routine knowledge assets demonstrated through organisational culture and 
routines, and practical know-how about how the organisation operates. 
 
Although the Nonaka et al. (2000) model is widely accepted and cited (Easa & 
Fincham, 2012; Gourlay, 2003), and has been applied to an educational context 
(Wiliam, 2002), it is also critiqued as not being supported by empirical evidence, as 
more accurately developing a theory of information creation rather than knowledge 
creation (Gourlay, 2003) and being based on flawed assumptions about the nature 
of knowledge, knowledge development and learning (Powell, Thomas & McGee, 
2007). 
 
Churchman’s Systems of Inquiry 
This model provides a framework to describe how knowledge is learned. Churchman 
identified five classifications of inquiry, which he named after philosophers who 
characterised the method (Leibniz, Locke, Kant, Hegel and Singer) (Malhotra, 1997). 
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The five classifications are based on how evidence is used to build knowledge, and 
includes logic, observation, representation, dialectic and values as the main sources. 
Churchman’s framework values practical knowledge and challenges a reliance on 
scientifically detached research. It acknowledges the importance of humans in the 
process of knowledge creation and goes beyond defining knowledge as a collection 
of information (Malhotra, 1997). Churchman’s classifications of what counts as 
evidence, which represents both qualitative and quantitative paradigms, 
acknowledges the value of teacher-research as a form of knowledge generation.  
 
Aristotle’s Intellectual Virtues 
This alternative frame of knowledge describes knowledge as either 
propositional/informational knowledge (knowing that) or competent performance 
(knowing how) (Fenstermacher, 1994). This construct reflects Aristotle’s intellectual 
virtues which describe ‘episteme’ knowledge (knowledge about the world – a 
scientific knowledge) and ‘techne’ knowledge (knowing how to do something; art, 
craft or skill). The third intellectual virtue is ‘phronesis’ knowledge which equates to 
practical wisdom and requires a “knowledge of particular circumstances” (Wiliam, 
2008, p. 434). Wiliam (2014) suggests that ‘pure education research’ works within 
the realm of ‘episteme’, the skilled practitioner works within the sphere of ‘techne’ 
and the ‘clinical researcher’ works within ‘phronesis’. This reinforces the idea that 
researcher knowledge is different from teacher knowledge, without valuing one type 
of knowledge over another. Kemmis (2010) agrees that teachers do not have 
privileged knowledge that is superior to the knowledge of others, but does believe 
that teachers are the only ones who understand what is ‘right conduct’ for a specific 
context. This practical philosophy is not about following rules (techne) or about 
contemplating ideal meaning (theoria) - it is about a living ‘practice tradition’ 
(Kemmis, 2010). 
 
Weiler (2009) reinforces Cochran-Smith and Lytle’s argument by suggesting that 
hierarchies exist in the production of knowledge that signify higher and lower status 
between different kinds of knowledge, the valuing of some knowledge as greater 
than others and the ascribing of prestige and influence to some forms of knowledge 
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rather than others. This view informs an institutional hierarchy (Weiler, 2009) which, 
in the case of teacher action research, serves to privilege, resource and recognise the 
authority of research conducted by the academy (academic or university 
researchers) over research conducted by teachers in schools. The hierarchy principle 
(Weiler, 2009) also values the role of researcher over the role of teacher-researcher. 
When authors such as Fenstermacher (1994) and Schön (1983) connect scientific 
research with ‘formal’ knowledge they reinforce a hierarchy that positions one type 
of knowledge (formal), the research that produces it and the people that generate it, 
over the generation of another type of knowledge (practical). This reinforces the 
marginalisation of teacher research and knowledge (Anderson & Herr, 1999) a 
position advanced by Hattie who, in 2015 was reported by Stewart as saying 
academics, rather than teachers, should conduct research on teaching. This 
argument is more fully examined in Chapter 6. 
 
Knowledge in Education 
In educational contexts, authors such as Cochran-Smith and Lytle (1990, 1998), 
recognise a broader definition of knowledge and acknowledge the importance of 
teacher wisdom and context. This ‘insider’ perspective is a more ethnographic and 
qualitative view that recognises the important role of teacher research in knowledge 
generation and teacher learning. This definition of research rejects the belief that 
knowledge can only come from a detached, objective observer.  
 
Young (2009) proposes an alternative model of knowledge specific to the context of 
schools and education. He describes two ideas about knowledge – ‘knowledge of the 
powerful’ which refers to who defines what counts as knowledge and who has access 
to this knowledge, and ‘powerful knowledge’ which is specialist knowledge. Young 
(2009) makes the argument that educational issues about knowledge involve 
knowledge differentiation. He describes how ‘school knowledge’ should be, and is, 
different from ‘non-school knowledge’ and includes everyday knowledge, specialised 
knowledge and pedagogised knowledge. Young (2009) identifies two different types 
of knowledge – ‘context-dependent knowledge’ that is either practical or procedural 
and deals with particulars and specifics, and ‘context-interdependent’ or ‘theoretical 
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knowledge’ that is the foundation of powerful knowledge. Schools, Young (2009) 
argues, are institutions that have the very specific purpose of promoting the 
acquisition of powerful knowledge. 
 
The Nature of Knowledge and its Relationship with Research 
Cochran-Smith and Lytle (1999) suggest that there are three theories of knowledge: 
knowledge-for-practice, knowledge-in-practice and knowledge-of-practice. 
Knowledge-for-practice is primarily defined as formal knowledge. It generally comes 
from traditionally defined research-based findings and contributes to what some 
scholars describe as “the knowledge base” of teaching (Cochran-Smith & Lytle, 1999). 
This knowledge theory assumes that teachers need to simply implement (use) 
knowledge acquired from experts outside the classroom (Cochran-Smith & Lytle, 
1999). Cochran-Smith and Lytle (1999) do not support this knowledge theory, arguing 
that it fails to consider the wisdom of practice and the place of teachers as knowledge 
generators.  
 
Knowledge-in-practice is the second theory. This theory is described as having an 
emphasis on knowledge in action (Cochran-Smith & Lytle, 1999) and involves 
‘practical knowledge’ (Elbaz, 1981; Fenstermacher, 1994) which is alternatively 
described as craft knowledge, lore, the wisdom of practice, and/or is tacit (Cochran-
Smith & Lytle, 1998). It assumes that knowledge is tacit and implicit in the action of 
experienced teachers. Cochran-Smith and Lytle (1999) argue that the ‘knowledge-
for-practice’ and ‘knowledge-in-practice’ theories maintain the hegemony of the 
academy, the role of the expert outsider and the formal-practical dualism.  
 
The third theory, knowledge-of-practice, is based on the belief that knowledge can 
only be generated when teachers engage in intentional investigation (research) or in 
what Cochran-Smith and Lytle (1999) call an ‘inquiry as stance’ and that practice is 
both theoretical and practical. All teacher practice is underpinned by theory, even if 
the teacher is not conscious of this. This knowledge theory encompasses both this 
understanding and the type of distinctive knowledge generated when teachers 
theorise practice and practice theory (Loughran & Russell, 1997). This model 
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supports teachers as knowledge creators and teacher research as the most important 
avenue of knowledge generation and teacher learning. It challenges the knowledge-
practice divide suggested by scholars such as Fenstermacher (1994), supporting 
instead the concept of praxis proposed by Kemmis (2010).  
 
Kemmis (2010) argues that: 
what is needed is knowledge and theory that comes into play in the doing 
of education, not from the sidelines but from the field of play, from the 
players whose life and work is educational praxis (p. 25). 
 
This view builds on the earlier work of Anderson and Herr (1999) who suggest that 
“the formal/practical knowledge debate is about more than research epistemology 
and methodology; it is about the very nature of educational practice itself” (Anderson 
& Herr, 1999, p. 15). Cochran-Smith and Lytle (1998) suggest that the formal 
knowledge-practical knowledge distinction not only limits the definition of 
knowledge to only two types, but also helps perpetuate a status differential that 
views some types of knowledge and research (formal) as high status and some types 
(practical) as lower status (Cochran-Smith & Lytle, 1998). The status differential is 
both political and value laden. 
 
Schön describes a form of knowledge-in-practice which he describes as "knowing-in-
action" (1995, p. 6), or a “spontaneous, skilful execution of performance” (Schön, 
1987, p. 3). Schön’s work builds from Polanyi’s view that, although there are vast 
domains of knowledge, there are two distinct, mutually exclusive and different forms 
of knowing: knowing that comes from attending to something and knowing that 
develops from relying on our awareness of something (Polanyi, 1962). It is the second 
form of knowing that Polanyi describes as ‘tacit’ and both ‘practical’ and 
‘intellectual’. Schön’s concept of ‘professional artistry’ is underpinned by Polanyi’s 
argument that teacher skill knowledge is something that practitioners have an 
awareness of (tacit), but find it difficult to articulate (Polanyi, 1962). Schön suggests 
that reflection-in-action and reflection-on-action (a critical reflection about past 
actions) is how teachers generate new knowledge - a knowledge that is dynamic and 
SCHOLARLY PAPER 2 
291 
at times difficult to articulate (Schön, 1995). Schön is positioned midway along the 
formal-practical continuum, legitimising both knowledge produced by the academy 
and knowledge produced by practitioners (Schön, 1995). 
 
More recently, Kemmis (2010) has added to our understanding of teacher knowledge 
by presenting a view that knowledge is the construction of meaning and 
understanding within action, not standing apart from it. He describes the impact of 
practice traditions and architectures (Kemmis, 2012) on teacher knowledge, and the 
importance of building knowledge through researching practice from within practice 
traditions and, as previously referenced, argues that “what is needed is knowledge 
and theory that comes into play in the doing of education, not from the sidelines but 
from the field of play, from the players whose life and work is educational praxis” 
(Kemmis, 2010, p. 25). 
 
With an alternative view, Wallace and Mulholland (2012) suggest that teacher 
knowledge is represented by four clusters of metaphors – teacher knowledge as a 
‘computer database’, as ‘craft’, as ‘complexity’ and as ‘change’. They suggest that 
each of these metaphors are a different but related representation of teacher 
knowledge, describing teacher knowledge as an entity (computer database), an 
activity (craft), a state (complexity) and an orientation (change) (Wallace & 
Mulholland, 2012).  
 
Teacher Knowledge as a ‘Computer Database’  
In this metaphor, teacher knowledge is represented as an interactive database, a set 
of rules or a special knowledge base on which a specialised system functions (Wallace 
& Mulholland, 2012). The weakness of the computer metaphor is that it implies that 
teacher learning can occur through isolated learning episodes, designed to add or 
‘plug-in’ additional components to the knowledge system (Wallace & Loughran, 
2012). Teacher learning develops from processes that reshape existing knowledge, 
beliefs and practices rather than add on new theory, models and materials (Johnson 
& Golombek, 2002). This metaphor also implies the privileging of scientific 
knowledge (‘knowing that’) over craft knowledge (‘knowing how’). However, this 
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representation acknowledges that teacher knowledge is a special and unique 
pedagogical content knowledge base that can only be known by teachers. 
 
Teacher Knowledge as ‘Craft’ 
In this metaphor, teacher knowledge is represented as a wisdom of practice with 
‘craft’ being used to describe the work of an accomplished artist (Wallace & 
Mulholland, 2012) or practitioner and which develops from lived experience, 
situatedness and embodied-ness. It describes an independent artist gradually 
building a body of work which includes practice-based knowledge and skills  
developed through a cognitive apprenticeship (Wallace & Loughran, 2012). The 
limitation of this metaphor is that this knowledge is personal - it is based on one’s 
own experience and practice, and therefore it must be checked for validity by 
comparing it to knowledge from other sources and connecting it with knowledge 
based in research in order to be made useful (Snow, 2001). The significance of this 
representation is that it acknowledges the importance of context in knowledge 
generation. 
 
Teacher Knowledge as ‘Complexity’ 
In this metaphor, teacher knowledge is represented as developing from a complex 
interaction between the teachers and their environments - a characteristic described 
by many scholars as ‘situated learning’ (Putnam & Borko, 2000; Webster-Wright, 
2009). The role of the teacher is acknowledged as complicated and problematic. The 
recognition of teaching as a complex endeavour, and teacher knowledge as dynamic, 
ever changing and embedded in social contexts (Wallace & Mulholland, 2012) is a 
strength of this metaphor.  
 
Teacher Knowledge as ‘Change’ 
In this metaphor, teacher knowledge is explicitly represented as changing and 
evolving over time. The strength of this metaphor is that it can be used alongside any 
of the previous three, where change is implicit in the understanding that teacher 
knowledge develops and improves from day-to-day because of new and different 
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theoretical input (computer database), because of changes in context (craft) and/or 
because of different interactions with people, activities and the world (complexity).  
My research connects with aspects from all four of these metaphors. My research 
contributes to the special and unique knowledge base (praxis) of teaching described 
in the first metaphor. It acknowledges the importance of practice-based knowledge 
and context from the second metaphor. My research recognises the complexity and 
dynamism of teaching reflected in metaphor three while being driven by the 
improvement focus of metaphor four.   
 
The Purpose of Teacher Learning 
Little (2012) describes four broad goals of teacher learning as it releates to practice. 
These include: 
• Making headway on the school’s central goals, priorities and problems by using 
teacher learning as a strategy to improve teaching and learning for a specific 
group of students who are part of a specific community within the limits of 
resources available. 
• Building the knowledge, skill and disposition to teach to high standards. Effective 
teacher learning has been achieved when teachers, over time, expand their 
knowledge of subjects, students and practice and apply this new knowledge in 
informed ways. 
• Cultivating a strong professional community conducive to learning and 
improvement, where there is a shared responsibility for student learning and a 
sustained focus on instructional improvement. 
• Sustaining teacher’s commitment to teaching through teacher learning that 
provides teacher satisfaction, support and stimulation matched to career stage, 
and that makes effective use of acquired expertise and experience. 
 
However, the one overarching objective of the kind of teacher learning with which I 
am concerned here, is that it must improve outcomes for students. This is the reason 
why teachers participate in learning experiences and why schools and systems invest 
in teacher learning. Little (2012) does warn that teacher learning needs to move away 
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from a ‘laundry list’ of topics unrelated to school improvement goals and instead 
focus on the ‘instructional core’, the relationship between the teacher and the 
student in the presence of content (City, Elmore, Fiarman & Teitel, 2009). In this way, 
teacher learning must be situated in classroom practice, specifically address 
authentic problems of practice and promote systematic attention to teaching and 
learning (Little, 2012) by providing opportunities for teachers to learn about subject 
matter, teaching methods and students (Osborne, 1998; Wilson & Berne, 1999). 
 
Professional Development or Professional Learning? 
The terms ‘professional development’ and ‘professional learning’ are frequently used 
interchangeably in school settings, by teachers and in the literature. There is not only 
little agreement in research papers and policy documents, but scholars use the same 
definitions to define different practices. For example the OECD Teaching and 
Learning International Survey (TALIS) defines ‘professional development’ as 
“activities that develop an individual’s skills, knowledge, expertise and other 
characteristics as a teacher” (OECD, 2009, p. 49). This definition is accepted by the 
NSW Centre for Education Statistics and Evaluation to define ‘professional 
development’ in The Elements of Effective Professional Development (Centre for 
Education Statistics and Evaluation, 2014). Cole (2012) also references the OECD 
definition to define professional development in Linking Effective Professional 
Learning with Effective Teaching Practice. However, Mayer and Lloyd (2011) use the 
OECD definition to instead define ‘professional learning’ in Professional Learning: An 
Introduction to the Research Literature. This debate is discussed more fully in the 
literature review prepared as part of the Australian National Mapping of Teacher 
Professional Learning Project (Doecke, Parr & North, 2008) and is summarised below. 
 
Doecke et al. (2008) suggest that the different definitions represent, in part, a change 
in vocabulary informed by the philosophical shifts represented by recent educational 
reform movements. They recognise the difficulty of achieving definition agreement, 
identifying the range of terms associated with teachers’ learning including ‘training 
and development’; ‘in-service education’; ‘professional learning’; ‘professional 
development’; ‘training and professional development’; ‘staff development’; 
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‘continuing education’; ‘continuing professional development’; and ‘lifelong learning 
for teachers’. They acknowledge that there is little consensus in the definition of any 
one of these terms and “no agreement about an overarching definition for all the 
professional learning practices” (Doecke et al., 2008, p. 18). Doecke et al. (2008) 
recognise that recent standards-based educational reforms have been influential in 
redefining professional learning/professional development.  
 
Professional Development  
Doecke et al. (2008) define ‘professional development’ as “activities done at the 
behest of employers or systems, involving knowledge that is delivered by outside 
experts” (p. 9). Webster-Wright (2009) suggests that the term ‘professional 
development’ is situated in a context of control and standardisation and is part of a 
deficit discourse that comes from the belief that the professional - in this case the 
teacher, is in need of ‘training’ or ‘developing’ through knowledge being ‘delivered’ 
to them in courses. Here, the teacher is a container for a commodity called 
‘knowledge’ which can simply be topped up. This results in professional development 
experiences being developed from a ‘knowledge-deficient’ transmission model which 
is more likely to be atomistic rather than holistic. As a result, teacher professional 
development activities may be separate and disparate experiences.  
Professional development [is] conceived of as something that one ‘does’ 
or that is ‘provided’, or is ‘done to’ teachers (Mayer & Lloyd, 2011, p. 3). 
 
‘Professional development’ is simply a knowledge transmission activity designed to 
standardise teacher practice. This interpretation of teacher learning as professional 
development contributes to the view of teachers as technicians rather than 
professionals or intellectuals. Fullan (2007) and Cole (2004) both take the stance that 
‘professional development’ no longer describes the learning or learning activities 
required by teachers. Fullan (2007) goes further by suggesting that “professional 
development as a term is a major obstacle to progress in teacher learning” (p. 35). In 
contrast, a focus on learning shifts the emphasis from passive ‘development’ to active 
‘learning’ which implies a different conceptualisation of knowledge - teachers as 
knowledge generators and active learners. 
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Professional Learning  
Teacher professional learning is defined by Knapp (2003) as “changes to thinking, 
knowledge, skills, and approaches to instruction that form practising teachers’ … 
repertoire” (pp. 112-113) or the specialised skills and behaviours that a teacher 
regularly performs. In this definition, the learning goal is to improve the educational 
outcomes, engagement and wellbeing of students. Successful professional learning 
of this type includes activities that build core teacher attributes, that increase 
discipline knowledge and skills, deepen understanding about how students learn and 
broaden the knowledge and skills relevant to strategies and practices that support 
student learning and assessment. This type of professional learning encompasses 
“individual autonomy and motivation, an image of professionals consciously 
monitoring their professional practice, learning from their work, and arriving at new 
understandings or knowledge on that basis” (Doecke et al., 2008, p. 9). Doecke et al. 
(2008) describe a type of professional learning shaped by how knowledge is viewed 
and by interpretations of how knowledge is generated, and they link this to the 
influence of the ‘teacher-as-researcher’ and  ‘insider/outsider’ debates (Doecke et al., 
2008). They acknowledge the important role professional learning plays in capacity 
building, as a driver for both school and system-wide reform, and in supporting 
teachers to meet the ongoing challenges they face. They agree that professional 
learning should no longer be perceived as an add-on, but rather as an integral part 
of teachers’ professional lives and describe the importance of a sustained learning 
focus rather than ‘one-off’ professional development sessions. 
 
The Australian Institute for Teaching and School Leadership (AITSL) defines 
‘professional learning’ as “the formal or informal learning experiences undertaken by 
teachers … that improve their individual professional practice … as measured by 
improved student learning, engagement with learning and wellbeing” (Education 
Services Australia, 2012, p. 2). Like other teacher practice, this type of professional 
learning should be guided by current research, closely linked to the needs of students 
and should consider learning context. Elmore defines ‘professional learning’ as 
“learning to do the right things in the setting where you work” (2004, p. 73). Cole 
(2012) argues that because professional learning should make a difference in terms 
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of improvements in teacher effectiveness, it is defined as “the formal and informal 
learning experiences undertaken by teachers and school leaders to improve their 
individual professional practice and the school’s collective effectiveness as measured 
by improved student engagement and learning outcomes” (p. 4). This definition 
encompasses a diverse range of potential activities. It reinforces that professional 
learning serves individual teacher learning needs, as well as the collective learning 
needs of the school and the wider educational community, while maintaining the 
focus on improving learning outcomes (academic, attendance and behavioural) for 
all students. Ideally, professional learning makes a difference to the learning of 
teachers and students because teachers learn “knowledge, skills and ability … [that] 
will be translated into practice” (AITSL, 2014, p. 5). 
 
Participation in Professional Learning. The 2013 OECD Teaching and Learning 
International Survey (TALIS) (Opfer, 2016) conducted an analysis of the types of 
learning activities teachers engaged in, with findings representative of over 5 million 
teachers in 34 countries. This information has been collated below, along with the 
data from the OECD Teaching and Learning International Survey (TALIS) data from 
2007-2008 (OECD, 2009) in Graph 4.1.  
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Graph 4.1  
Participation in Professional Learning 
 
(Compiled from OECD, 2009; Opfer, 2016) 
 
Of interest are the different types of activities defined as ‘professional learning’ at 
the two different points in time. For example, in 2007/8 ‘reading professional 
literature’ and ‘participation in informal professional dialogue to improve teacher 
practice’ were both considered teacher learning, but were not included in the 2013 
data. In 2007/8 the most frequently reported participation was in informal 
professional dialogue to improve teaching (OECD, 2009). In 2013, the two new 
inclusions were taking part in ‘collaborative professional learning’ and ‘working with 
other teachers to ensure common standards for assessing student progress’ (also a 
collaborative activity). Of all the teacher learning activities in this data set, the most 
frequently reported activity was working with teachers to ensure consistency in 
teacher judgement about student assessment performance. Discounting the data 
that were only available in one study, there was an overall reduction in the number 
of teachers who participated in teacher learning activities between 2007/8 and 2013. 
Only participation in ‘observation of lessons’ increased. Although this is a collation of 
international data, these changes may reflect the impact of such educational reforms 
as seen in Australia that include changes to teacher management and performance 
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procedures, teacher accreditation processes and the introduction of teacher 
standards. 
 
The Confusion Between Professional Development and Professional Learning 
The following definition of professional development identifies the importance of 
making a difference to the educational experience of students – a requirement that 
is generally associated with teacher learning. This definition formed the foundation 
of a review conducted in 2012 by the United Kingdom’s National College of School 
Leadership entitled Great Professional Development Which Leads to Great Pedagogy: 
Nine Claims from Research. The use of the term ‘professional development’ rather 
than ‘professional learning’ in the title of this review is interesting considering that 
at the time it was written, the term ‘professional learning’ was the more widely 
accepted term. ‘Professional development’ is defined in the review as: 
an ongoing process encompassing all formal and informal learning 
experiences that enable all staff in schools, individually and with others, 
to think about what they are doing, enhance their knowledge and skills 
and improve ways of working so that pupil learning and wellbeing are 
enhanced as a result ... creating opportunities for adult learning, 
ultimately for the purpose of enhancing the quality of education in the 
classroom (Bubb & Earley, 2007, p. 4).  
 
Bubb and Earley (2007) go on to say that “effective continuing professional 
development … enhances pupil outcomes, [and] bring[s] about changes in practice 
and improves teaching” (Bubb & Earley, 2007, p. 4). By defining professional 
development in this way the authors acknowledge that they are using the “term 
professional learning synonymously with professional development” (Stoll, Harris & 
Handscomb, 2012, p. 3). Easton (2008) argues that teachers used to undergo 
‘training’ – a model that fits with the outdated factory model of education, stating: 
educators need to learn, and that’s why professional learning has 
replaced professional development. Developing is not enough. Educators 
must be knowledgeable and wise. They must know enough in order to 
change. They must change in order to get different results. They must 
become learners (p. 756).  
 
Whether the term ‘professional development’ or ‘professional learning’ is used is 
important, as they potentially describe actions that have differing degrees of 
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usefulness. Timperley (2011) argues a similar but slightly different perspective. She 
suggests that a definition that is inclusive of both ‘professional learning’ which she 
defines as “changes in the capacity for practice and/or changes in actual practice” 
(Timperley, 2011, p. 4), and ‘professional development’, which she defines as “the 
activities that develop professional skills, knowledge and expertise” (p. 4) is required. 
 
The inclusion of ‘development’ is redundant, as the change in practice described by 
Timperley (2011) is dependent on improvement or ‘development’ of existing skills, 
knowledge and expertise. Learning requires a deep enough understanding that it can 
be used productively (Kintsch, 1994). Describing the learning as ‘productive’ implies 
that the learning will be applied and suggests that the ultimate goal is in fact ‘adaptive 
expertise’ (AITSL, 2016a; Dumont, Istance & Benavides, 2012; Timperley, 2011). 
Adaptive experts have a deep knowledge and are expert at retrieving, organising and 
applying that knowledge (Timperley, 2011). They apply “meaningfully-learned 
knowledge and skills” (Dumont et al., 2012, p. 14) flexibly and creatively across a 
variety of contexts and situations (AITSL, 2016b; Dumont et al., 2012).  
 
Dumont et al. (2012) describe effective learning as constructive, self-regulated, 
collaborative and situated. This means learning is mindful and requires effort. It is 
about the process as well as the product. Learning occurs in a social and cultural 
environment. Learners are active participants in the process and learning is 
cumulative and individual (Dumont et al., 2012).  
 
Brock (2016) warns about getting too caught up in semantics, arguing that it is 
counter-productive to strive for a black and white distinction between ‘professional 
development’ and ‘professional learning’. He suggests that “any professional 
development that does not involve professional learning - and any professional 
learning that does not involve professional development - is not worth very much at 
all” (Brock, 2016, p. 2). 
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Criteria for High Quality Teacher Learning 
Guskey (2004) implies the criteria of high quality teacher learning by describing a 
view of poor teacher learning as: 
brief and rarely sustained, deficit orientated, radically under-
resourced, lacking in intellectual rigour or coherence, treated as an 
add-on rather than as  part of a natural process, politically imposed 
rather than professionally owned, and trapped in constraints of a 
bureaucratic system that poses barriers to even modest levels of 
success … ill-designed, pedagogically naïve, demeaning exercise that 
often leaves participants more cynical and no more knowledgeable, 
skilled or committed than before (p. xii). 
 
Desimone (2009) and Borko et al. (2010) provide two similar conceptual frameworks 
that list the characteristics of high quality teacher learning (see Table 4.1) which can 
serve to organise the ideas of other scholars. They describe the four ‘Ws’ and one ‘H’ 
of teacher learning. The ‘who’ are teachers, the ‘what’, ‘how’, ‘why’, ‘when’ and 
‘where’ are described in the following way: 
• What should the learning be about? Teacher learning needs to be situated in 
practice, address problems of practice and be focused on students’ learning.  
• How do the learners need to be engaged with the learning? Teacher learning 
needs to be active. 
• Why do the learners need to engage in teacher learning? Teacher learning needs 
to be consistent with teacher knowledge and beliefs, and address school and 
system priorities in order to be sustainable (Singh, Schrape & Kelly, 2012); it 
needs to be relevant and coherent. 
• When are the best times for learners to be engaged in teacher learning to have 
the greatest impact on student learning? Teacher learning needs to be ongoing, 
supported and sustained rather than fragmented or sporadic. 
• Where should teacher learning take place? Teacher learning should occur in 
collaborative environments, in settings consistent with how adult and 
professionals learn, in close proximity to the authentic day-to-day context of the 
teacher, and in locations that are supportive of the learning goals. 
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Timperley (2011), provides an Australian perspective about what constitutes high 
quality teacher learning, summarising four principles for effective teacher learning 
which she suggests are based on “theory and research about what it means to be 
professional in the changing landscape of the 21st century” (p. 1). The background 
paper in which these four perspectives are presented was commissioned by The 
Australian Institute for Teaching and School Leadership (AITSL) to inform the 
development of the national professional development framework for teachers and 
school leaders in 2011. AITSL is described as providing national leadership for the 
Australian national and state governments in promoting excellence in teaching and 
school leadership. Timperley’s (2011) four principles include that: 
• Teacher learning is core school business. 
• The purpose of teacher learning is to improve outcomes for students and this 
should form the basis for its measure of effectiveness.  
• Teacher learning should build deep pedagogical content and assessment 
knowledge focused on what is needed to improve outcomes for students. 
• Teacher learning environments should be consistent with how adults learn. 
 
Hawley and Valli (1999) provide detail that aids in understanding the criteria listed in 
the work of Desimone (2009) and Borko et al. (2010). There are nine principles (see 
Table 4.1) identified by Hawley and Valli (1999) in The Essentials of Effective 
Professional Development: A New Consensus, an influential and broadly cited work 
in this field which contributes a foundational understanding of high quality teacher 
learning (see Ingvarson, 2005; Mayer & Lloyd, 2011; Meiers & Buckley, 2009). The 
Victorian Department of Education and Training (2005) describes seven principles 
(see Table 4.1) of highly effective professional learning in a publication of that name. 
Stoll et al. (2012) through research conducted for the United Kingdom’s National 
College for School Leadership describe nine connected claims (see Table 4.1) that 
collectively help define effective teacher learning as: 
• Starting with the end in mind. 
• Challenging thinking as part of changing practice. 
• Based on the assessment of individual and school needs. 
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• Involving connecting work-based learning and external expertise. 
• Varied, rich and sustainable.  
• Using action research and enquiry as key tools. 
• Strongly enhanced through collaborative learning and joint practice 
development. 
• Enhanced by creating professional learning communities within and between 
schools.  
• Requiring leadership to create the necessary conditions (Stoll et al., 2012).  
 
Effective teacher learning is described as powerful and as having an impact, which is 
measured by how much of a difference it makes to student outcomes because of 
improving pedagogy and teachers’ learning. As with Hawley and Valli (1999) and The 
Victorian Department of Education and Training (2005), Stoll et al. (2012) recognise 
the importance of a focus on student learning and on improving student learning 
outcomes - teacher learning needs to be school-based, built into the work of 
teaching, and it must be sustained and collaborative. Contrasting Hawley and Valli 
(1999) and The Victorian Department of Education and Training (2005), Stoll et al. 
(2012) articulate a specific commitment to action research as a methodology and 
identify the importance of leadership. 
 
Finally, Webster-Wright (2009) offers a slightly different perspective. She also 
identifies a commitment to teacher learning being embedded within teachers’ work 
and reinforces Stoll et al.’s (2012) commitment to fostering a culture of inquiry. She 
strengthens the importance of collaborative practices and relationships described by 
Hawley and Valli (Ingvarson, 2003) but does not identify a focus on student learning 
outcomes. She instead identifies strategic planning, accountability and evidence 
collection as important criteria. These views are collated in Table 4.1.
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Table 4.1 
A Comparison of High Quality Teacher Learning Criteria 
Teacher learning 
Desimone 
(2009) and 
Borko et al. (2010) 
Hawley and Valli 
(1999) 
Victorian 
Department of 
Education and 
Training 
(2005) 
Stoll et al. 
(2012) 
Webster-Wright 
(2009) 
Timperley 
(2011) 
What? Content is situated 
in practice, 
addresses 
problems of 
practice and is 
focused on 
students’ learning. 
• The content of 
professional 
development 
focuses on 
what students 
are to learn 
and how to 
address the 
different 
problems 
students may 
have in 
learning the 
material.  
• Professional 
development 
should be 
based on 
analyses of the 
differences 
between (a) 
• Professional 
learning is 
focused on 
student 
outcomes not 
just individual 
teacher needs. 
• Professional 
learning is 
informed by 
the best 
available 
research on 
effective 
learning and 
teaching, not 
just limited to 
what they 
currently know 
• Professional 
learning is 
• Effective 
professional 
development 
starts with the 
end in mind. 
• Effective 
professional 
development 
challenges 
thinking as part 
of changing 
practice. 
 
 
 
 
 
 
• Professional 
learning should 
be diverse, and 
appropriate to 
individuals’ and 
groups’ needs. 
• Professional 
learning should 
foster 
accountability.   
• Governments, 
teacher 
registration 
bodies and 
schools 
themselves 
should 
investigate and 
value a variety 
of evidence in 
accounting for 
• Teacher 
learning being 
the core 
school 
business. 
• Teacher 
learning’s 
purpose is to 
improve 
outcomes for 
students and 
this should 
form the basis 
for its 
measure of 
effectiveness.  
• Teacher 
learning 
should build 
deep 
pedagogical 
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actual student 
performance 
and (b) goals 
and standards 
for student 
learning.  
• Professional 
development 
should 
incorporate 
evaluation of 
multiple 
sources of 
information on 
(a) outcomes 
for students 
and (b) the 
instruction and 
other 
processes that 
are involved in 
implementing 
the lessons 
learned 
through 
professional 
development.  
• Professional 
development 
should provide 
evidence-based 
and data 
driven, not 
anecdotal, to 
guide 
improvement 
and to measure 
impact.  
teachers’ 
professional 
learning. 
 
content and 
assessment 
knowledge 
focused on 
what is 
needed to 
improve 
outcomes for 
students. 
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opportunities 
to gain an 
understanding 
of the theory 
underlying the 
knowledge and 
skills being 
learned.  
• Professional 
development 
should be 
connected to a 
comprehensive 
change process 
focused on 
improving 
student 
learning. 
How? Active teacher 
learning; teacher 
inquiry 
• Professional 
development 
should involve 
teachers in the 
identification 
of what they 
need to learn 
and in the 
development 
of the learning 
experiences in 
 Effective 
professional 
development uses 
action research and 
enquiry as key 
tools. 
• Professional 
learning should 
foster a culture 
of inquiry.  
• Teaching 
should be 
recognised as 
engaging in 
continuing 
inquiry into 
practice, and 
this inquiry 
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which they will 
be involved.  
should be 
recognised as 
strongly 
collegial and 
collaborative in 
nature. 
• Systems 
(including 
teacher 
registration 
bodies) and 
schools should 
work together 
to share their 
historical and 
contemporary 
knowledge 
about 
inducting early 
career teachers 
into the 
profession. 
Why? Coherence – 
consistent with 
teachers’ 
knowledge and 
beliefs and with 
school, sector and 
state priorities. 
Professional 
development 
should be primarily 
school-based and 
built into the day-
to-day work of 
teaching.  
Professional 
learning is focused 
on and embedded 
in teacher practice 
not disconnected 
from the school. 
 
• Effective 
professional 
development is 
based on the 
assessment of 
individual and 
school needs. 
• Professional 
learning should 
be explicitly 
embedded 
within 
teachers’ work.    
• Professional 
learning should 
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• Effective 
professional 
development 
involves 
connecting 
work-based 
learning and 
external 
expertise. 
involve 
strategic 
planning, at 
system-wide, 
school and 
individual 
levels. 
When? Duration – 
opportunities are 
ongoing and 
sustainable.  
Professional 
development 
should be 
continuous and on-
going, involving 
follow-up and 
support for further 
learning-including 
support from 
sources external to 
the school that can 
provide necessary 
resources and new 
perspectives.  
Professional 
learning is ongoing, 
supported and fully 
integrated into the 
culture and 
operations of the 
system – schools, 
networks, regions 
and the centre, not 
episodic and 
fragmented. 
 
Effective 
professional 
learning 
opportunities are 
varied, rich and 
sustainable. 
  
Where? Professional 
learning 
communities, 
collaborative 
learning 
environments and 
participation. 
Professional 
development 
should be 
organised around 
collaborative 
problem solving.  
• Professional 
learning is 
collaborative, 
involving 
reflection and 
feedback not 
• Effective 
professional 
development is 
strongly 
enhanced 
through 
collaborative 
• Professional 
learning should 
foster 
professional 
learning 
relationships. 
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just individual 
inquiry. 
• Professional 
learning is an 
individual and 
collective 
responsibility 
at all levels of 
the system, not 
just the school 
level, and it is 
not optional. 
learning and 
joint practice 
development. 
• Effective 
professional 
development is 
enhanced by 
creating 
professional 
learning 
communities 
within and 
between 
schools. 
• Teachers 
should be 
encouraged to 
develop and/or 
extend 
professional 
networks with 
colleagues. 
• Sectors should 
be encouraged 
to work 
collaboratively 
in cross-
sectoral 
partnerships. 
• Schools and 
teachers 
should be 
encouraged to 
form and 
develop a 
range of 
professional 
learning 
partnerships. 
Where? Professional 
learning settings 
that are 
appropriate to 
goals. 
  Effective 
professional 
development 
requires leadership 
to create the 
 In environments 
that are 
consistent with 
how people learn. 
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necessary 
conditions in 
environments that 
are appropriate 
and created by 
teachers. 
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A synthesis of the high quality teacher learning criteria presented in Table 4.1, 
compared and contrasted relevant information to identify seven common 
characteristics of high quality and effective teacher learning. Action research has the 
potential to effectively facilitate and combine all of these criteria, which is why it is 
an effective methodology for teacher learning. Quality and effective teacher learning 
is: 
• focused on student learning needs and on improving student learning outcomes  
• evidence/research-informed2 
• relevant, cohesive and situated 
• embedded into the daily work of teaching 
• active and inquiry based 
• collaborative, and  
• timely and sustained (Borko et al., 2010; Department of Education and Training, 
2005; Desimone, 2009; Garet et al., 2001; Ingvarson, 2003, 2005; Little, 2012; 
Penuel, Fishman, Yamaguchi & Gallagher, 2007; Stoll et al., 2012; Van Veen, Zwart 
& Meirink, 2012; Webster-Wright, 2009). 
 
The Characterisitics of High Quality and Effective Teacher Learning Adopted in the 
PHS Research Project 
Each characteristic is outlined below. These characteristics were used to underpin 
the design of the teacher learning at PHS and informed in-process decisions, actions 
and leadership of the PHS action research project. These characteristics are used to 
scaffold the discussion and review the PHS action research project presented in 
Chapter 8. 
 
Focus on Improving Student Learning Outcomes 
Teacher learning should be situated in practice, address problems of practice and 
focus on students’ learning. The learning content of teacher learning activities should 
have proximity to practice. Teacher learning should enhance teacher thinking, 
learning and practice through a focus on the instructional core - pedagogical content 
knowledge, pedagogical practice, and understanding and responding to student 
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diversity (Little, 2012). It should be appropriate to career stage, experience and 
expertise and should build a school’s collective capacity to improve student learning 
outcomes. Teacher learning should be well-researched, evidence-informed and data 
driven, and should develop teacher ‘praxis’ (‘right conduct’ or ‘history making’ 
educational action that is morally committed and informed by traditions in the field; 
enacting or applying the theory of what is learned) not just ‘practice’ (the act of doing 
something). 
 
For teacher learning to have the potential to achieve the best outcomes for students, 
it should involve learning about subject-matter content, knowledge about students 
and how they learn, and pedagogical content knowledge (including how to correct 
misconceptions) (Guskey, 2003). Darling-Hammond and Sykes (1999) describe well-
designed teacher learning as helping teachers master content and hone teaching 
skills, by focusing on student learning and addressing the teaching of specific 
curriculum content as well as pedagogical knowledge. This is reinforced by findings 
from the Teaching Australia Research Project undertaken by a project team from 
Western Sydney University (Zammit et al., 2007) which suggest, in addition to the 
characteristics of effective teacher learning already synthesised from recent 
research, that teacher learning should deliver both content and pedagogy (see Table 
4.2). The educational reform movement that has resulted in Finland’s current status 
as an international leader in education, is partly based on a focus on the intersection 
between pedagogical practices and subject understanding (McIntyre, 2011).  
 
Table 4.2 
Comparing Characteristics of Effective Teacher Learning 
Research Synthesis 
(Borko et al., 2010; Department of 
Education and Training, 2005; Desimone, 
2009; Garet, Porter, Desimone, Birman & 
Yoon, 2001; Ingvarson, 2003, 2005; Little, 
2012; Penuel, Fishman, Yamaguchi & 
Gallagher, 2007; Stoll et al., 2012; Van 
Veen, Zwart & Meirink, 2012; Webster-
Wright, 2009) 
Teaching Australia Research Project 
(Zammit et al., 2007) 
SCHOLARLY PAPER 2 
313 
• on student learning needs and on 
improving student learning outcomes 
• is focused on student outcomes 
• evidence-informed (data driven) and 
research-based 
 
 • delivers both content and pedagogy 
• relevant, cohesive and situated • aligned to school’s vision  
• embedded into the daily work of 
teaching 
 
• active and inquiry based • uses active learning 
• collaborative • collaborative and continuing 
• timely and sustainable  
 • is supported by school leaders 
 
Evidence-Informed (Data Driven) and Research-Based  
There are many ways to use data (factual information), evidence (proof that supports 
a conclusion) and research to support the provision of high quality and effective 
teacher learning. Data and evidence can be used to identify what teacher learning is 
required to meet the needs of teachers and learners. Understanding first what 
teachers know or do not know, can do or cannot yet do well, identifies the starting 
point for the next learning episode. Data about teacher learning needs was used to 
identify and provide additional targeted learning within action research meetings. 
Teacher learning incorporated sessions to build teacher knowledge and skill in 
currciulum design, characteristics of student engagement and assessment ‘of’, ‘for’ 
and ‘as’ learning.  
 
Understanding and applying research about best practices in the provision of teacher 
learning, and about how adults and professionals learn, increases the likelihood of 
success in designing high quality, effective and appropriate teacher learning. 
Learning should make sense and be meaningful for teachers. This has a strong 
correlation to what is known about how the brain learns and builds connections 
between the new learning and existing learning. Past experiences help to make sense 
out of events, to recognise cause and effect and to inform decisions. Adults learn best 
when they have the opportunity to control or have input about the learning 
experience (Park, Robinson, & Bates, 2016). This principle underpinned the 
opportunity for each teacher to identify their own focused, pedagogical practices and 
learning tools for each cycle of the action research at PHS. 
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Finally, the content of teacher learning needs to be informed by evidence and 
research to ensure that teachers are provided with current learning about the most 
effective practices to impact on student learning. It matters what teachers do (Hattie, 
2012). Some teachers have a greater impact on the learning of their students than 
others. When selecting and designing teacher learning, teachers, school leaders and 
professional bodies are encouraged to engage with evidence and research to inform 
the design, implementation and content of teacher learning, to understand current 
teaching and learning issues, and to develop an up-to-date understanding of 
contemporary pedagogical practices and learning tools that have proven to be 
effective in impacting positively on student learning.  
 
Relevant, Cohesive and Situated 
To be relevant, teacher learning needs to lead to improved student learning 
outcomes and seek to solve problems of practice and/or find new solutions to 
existing issues. Relevance is increased when learning is timely, matched to the 
experiences, strengths, knowledge and career goals of teachers, and respectful of a 
learning theory based on how adults and professionals learn. Teacher learning should 
be based in current research (AITSL, 2014; Education Services Australia, 2012) and 
build on from previous learning episodes. High quality teacher learning is correlated 
with, and embedded in, teacher practice not disconnected from the school, or from 
the daily work of teachers. It should be a natural extension of teacher’s work, not an 
isolated add-on, disconnected from teacher’s lived experiences. Scholars (Borko et 
al., 2000; Guskey, 2003; Putnam & Borko, 2000; Webster-Wright, 2009) recognise 
that learning has a requirement to relate to, and be situated in, the workplace and 
have recognised the significance of context - of situated or authentic learning 
(activities that are similar to what actual practitioners do) - as having a powerful and 
unique influence on the effectiveness of teacher learning. When teacher learning 
demonstrates these characteristics, it is relevant, cohesive and situated. 
 
Active and Inquiry Based 
The current discourse about the effectiveness of teacher learning challenges 
previously held views that learning consisted mainly of the passive accumulation of 
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new knowledge (Kennedy, 1991) and replaces this with views that recognise the 
importance of teachers’ active construction of knowledge and high levels of 
coherence and collaboration with colleagues (Porter, Garet, Desimone, Yoon & 
Birman, 2000; Van Veen et al., 2012). Brain research also suggests that learning is the 
active construction of knowledge and occurs when learners actively impose meaning 
based on prior knowledge, “interpret new content through their existing 
understandings and modify and reinterpret new ideas on the basis of what they 
already know or believe” (Kennedy, 1991, p. 3). 
 
High quality and effective teacher learning provides opportunities for teachers to be 
actively engaged in building knowledge through meaningful discussion, planning and 
practice (Garet et al., 2001; Penuel et al., 2007). Opportunities for active learning are 
many and diverse and include observing and being observed teaching and 
collaboratively planning for classroom implementation and reviewing student work 
and assessment (Garet et al., 2001). Action research, cycles of inquiry and knowledge 
building, ‘Lesson Study’, involvement in professional learning communities and use 
of instructional or quality teaching rounds are also examples of active learning 
methodologies. 
 
Collaborative 
The model developed by Shulman and Shulman (2004) describes different stages of 
teacher learning as ‘vision’, ‘motivation’, ‘understanding’, ‘practice’, ‘reflection’ and 
‘community’. These elements describe teachers as “ready (possessing vision), willing 
(having motivation), able (both knowing and being able to do), reflective (learning 
from experience) and communal (acting as a member of a professional community)” 
(Shulman & Shulman, 2004, p. 2). Shulman and Shulman (2004) argue that all learners 
need to have an image of what their learning can accomplish, an enthusiasm and 
drive to initiate and persist in the learning activity and an understanding of how new 
learning fits with previous learning. They also suggest that teacher learning is most 
effective when it occurs within a learning community. Wallace and Loughran (2012) 
build on the idea of community by describing teacher learning as focused on research 
with, and by, teachers that builds knowledge about teaching and for practice, and 
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capitalises on the connection between teacher and student learning. The importance 
of collaborative teacher learning, through such structures as professional learning 
communities, is also recognised by scholars such as Darling-Hammond and 
Richardson (2009), Guskey (2003), Wilson and Berne (1999) and van Veen, Zwart and 
Meirink (2012). 
 
Collaboration is “a systematic process in which … [teachers] work together, 
interdependently, to analyse and impact professional practice in order to improve … 
individual and collective results” (DuFour, DuFour, Eaker & Many, 2010, p. 120). 
Fullan (2011) suggests that the purpose of having teachers participate in 
collaborative practices is to achieve education’s moral imperative of improved 
outcomes for all students. This “requires a collaborative culture and collective effort. 
Educators will need to work in interdependent teams to achieve a common goal to 
which they hold themselves mutually accountable for all students’ learning” (p. 4). 
To work together in an interdependent way involves employing strategies and 
processes that are both mutually dependent and mutually supportive. In this way, 
teams of teachers need to work collectively to research, plan and design effective 
learning episodes and evaluate, reflect on and challenge existing practice to develop 
solutions to common questions. Collaborative teacher learning holds each member 
of the team accountable for collective success and for student learning. This requires 
a high level of trust and de-privatisation of practice.  
 
Collaborative teacher learning provides not only opportunities for teachers to 
observe and learn from each other by challenging and changing existing practice, but  
helps establish a ‘critical mass’ that is more likely to sustain changes in practice over 
time (Garet et al., 2001). It provides opportunities to seek and receive feedback with 
an insider understanding of context and to participate in shared reflective practice. 
It promotes collective responsibility for shared learning, and the collection and 
analysis of evidence. Inquiry-based and action research projects are not only 
effective teacher learning activities because they involve teachers in active learning, 
but because they are effective collaborative strategies. Other structured teacher 
SCHOLARLY PAPER 2 
317 
learning strategies that involve teachers working and learning collaboratively to 
enhance student learning include: 
• Instructional Rounds (a practice employed by a group of leaders and/or teachers 
that involves visiting multiple classrooms at their own or another school with the 
aim to spread practice and support scaling-up systemic improvements of 
teaching and learning).  
• Lesson Study (a model of teacher-led research that was first used in Japan 
(Fernandez, 2002), in which a small team of teachers work together in a 
systematic cycle of planning, teaching, observing, refining and reviewing specific 
lessons in order to examine their practice and improve their impact on student 
learning). 
• Professional Learning Communities (an ongoing process in which teams of 
teachers work collaboratively in recurring cycles of collective inquiry and action 
research to analyse and improve their classroom practice and achieve better 
results for students). 
 
Timely and Sustainable 
Teacher learning should be timely and sustainable. This makes it more likely to 
provide an opportunity to allow teachers to trial new learning in their classroom 
(Garet et al., 2001), and provide the time needed for teachers to engage in 
knowledge generation and learning rather than just knowledge transmission and 
development. Appropriate duration includes considering the number of hours 
(contact hours) spent participating in teacher learning activities as well as the 
frequency of these opportunities. Knowledge of brain plasticity and learning 
processes that strengthen neural connections through rehearsal and revision 
underpin the frequency of action research meetings. Meeting regularly over an 
extended period of time increases the potential for retention of learning by engaging 
teachers in multiple presentations, reflection and assimilation of new learning 
(Penuel et al., 2007). Practices of episodic and disconnected workshops with limited 
continuity or contextualisation are not supported by brain research as they do not 
provide the conditions that facilitate high quality teacher learning.  
Criteria for Effective Teacher Learning Leadership 
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“Nearly 60% of a school’s impact on student achievement is attributable to principal 
and teacher effectiveness” (New Leaders for New Schools, 2009, p. 5). School leaders 
that have been identified as having the greatest impact on students’ outcomes define 
what matters most for student learning, clearly articulate improvement targets and 
place at the centre of their leadership strategy a relentless focus on both student and 
teacher learning (McIntyre, 2011). In this way, schools need to be places not only of 
just student learning but also places for teachers to learn (Brock, 2016). Effective 
teacher learning leadership is now discussed in more detail. 
 
“The central purpose of leadership in a school is to maximise student’s academic and 
social outcomes via improvements in classroom practices” (Lingard, Hayes, Mills & 
Christie, 2003, p. 19). In this view, the purpose of leadership and the purpose of 
teacher learning are therefore aligned around student learning outcomes. 
Leadership is about influencing people and is not restricted to organisational 
positions in schools. Leading teacher learning is about influencing teachers so that 
they better meet the learning needs of their students as evidenced by improved 
educational outcomes. Improvement implies that teachers need to do something 
differently. ‘Doing something differently’ means change. Influencing people to 
change is about successful change management.  
 
”Principals who ‘participate as learners’ working with teachers to make 
improvements had twice the impact on school-wide student achievement compared 
to any other factor” (Fullan, 2015, p. 3). In doing this, Principals and other leaders 
can directly communicate their vision, goals and expectations to teachers and impact 
on student learning outcomes while working alongside teachers as a co-learner. As 
lead learners, they work collaboratively with teachers to identify, name and describe 
barriers to student achievement and then explore ways to address this issue before 
implementing and evaluating changes in teacher practice. They also help to develop 
the professional capital of teachers. Fullan (2015) identifies being a ‘lead learner’ 
along with being a ‘system player’ and an effective ‘change agent’ as the three 
concepts that maximise the impact of leaders. A ‘system player’ is a leader who 
“carries out his or her role effectively while being aware of, contributing to, and 
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learning from the larger organisation” (p. 4). The collaborative culture of learning 
together and of a collective responsibility for all students in the school underpins 
great improvements in student achievement. In the case of the action research 
carried out at PHS, the leader was a ‘lead learner’ and a ‘system player’. It also 
contributed to a series of actions that have facilitated school wide change. 
 
Bredeson (2000) suggests that leaders influence teacher learning in four ways:  
• as an instructional leader and learner, 
• through the creation of a learning environment, 
• through direct involvement in the design, delivery and content of teacher 
learning, and  
• through the evaluation of teacher learning outcomes. 
 
How an Instructional Leader and Learner Influences Teacher Learning 
A good instructional leader seeks to improve the quality of teaching for improving 
student learning. They demonstrate expertise in teaching and learning. They serve as 
an instructional resource influencing teacher learning by providing experiences 
based on student learning needs and evaluated by improvement in the quality of 
student learning. Instructional leaders are knowledgeable about different forms of 
knowledge. This includes formal knowledge and theory (knowledge for practice), 
practical knowledge (knowledge in practice) and the knowledge teachers develop to 
teach well as a result of intentional investigation in their own classrooms (knowledge 
of practice) (Cochran-Smith & Lytle, 1999a). Good instructional leaders have a 
practical understanding of what teachers know, what they need to know and the 
relationship between teacher knowledge and teacher practice.  
 
How a Leader Influences Teacher Learning by Creating a Learning Environment 
Effective leaders create learning environments and use resources to ensure that 
teacher and student learners and learning are supported and that learners succeed, 
flourish, grow and thrive. Ideally, leaders of teacher learning manage the teacher 
learning environment to ensure teacher-learners feel comfortable to share their 
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learning and are challenged and supported to try out new ideas and practices. They 
apply an understanding of how adults and professionals learn and have expertise in 
creating a culture of collaboration. Effective leaders recognise the abilities and 
strengths of teachers and identify the ideal time to challenge or support learning to 
maximise student outcomes through effective teacher learning. 
 
How a Leader Influences Teacher Learning by Designing, Delivering and Selecting 
the Content of Teacher Learning 
When designing, delivering and selecting the content of teacher learning, effective 
leaders identify teacher learners’ needs and select the most effective type, mode and 
time of teacher learning to enhance student learning. They influence teacher learning 
by applying their understanding of the unique contextual characteristics of the 
learning environment. Leaders recognise how adult learning principles and school 
improvement goals impact on the content and design of teacher learning. They 
understand, and manage, the implementation dip and design teacher learning 
activities that provide opportunities to build strong working relationships and 
contribute to the development of a community of learners who share responsibility 
for improving student outcomes, engagement and wellbeing. 
 
How a Leader Influences Teacher Learning Through Evaluating Teacher Learning 
Outcomes 
Leaders of teacher learning understand effective evaluation has “clear goals for 
improvement, gathers the most useful and reliable data, is timed appropriately and 
provide(s) clear and useful results” (AITSL, 2016a, p. 1). Evaluation collects evidence 
about the impact teacher learning has on student achievement, engagement and 
wellbeing. Like student assessment, evaluation should be planned at the time 
teacher learning is designed, involve assessment of, as, and for learning and is 
embedded throughout the teacher learning experience. Guskey (2002) identified the 
following five levels of teacher learning evaluation:  
• Participants’ reactions – measures satisfaction with the experience and is used to 
improve program delivery and design.  
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• Participants’ learning – measures new knowledge and skill of the participants and 
is used to improve program content, format and organisation.  
• Organisation support and change – measures the organisation’s support, 
accommodation and facilitation and is used to document and improve 
organisation support and to improve future change efforts.  
• Participants’ use of new knowledge and skills – measures the degree and quality 
of information presented and is used to document and improve the 
implementation of program content.  
• Student learning outcomes – focuses on student learning outcomes (cognitive, 
affective and psychomotor) and is used to focus on and improve all aspects of 
program design, implementation and follow-up. These data demonstrate the 
overall impact of teacher learning. 
 
Teacher learning is a core practice of schools. It encompasses a diverse range of areas 
and can take several different forms. This paper has focused on teacher learning that 
deepens teacher knowledge and refines teacher skills and understandings to improve 
teacher practice and student learning outcomes. This sort of teacher learning has a 
focus on student learning needs and on improving student learning outcomes, 
engages with practices that are evidence and research-based and data driven and are 
relevant, cohesive and embedded into the daily work of teaching. Effective teacher 
learning is active and inquiry-based learning, collaborative, timely, sustained, and 
future focused. In designing the teacher learning at PHS, I have reinforced the 
characteristics of high quality and effective teacher learning with knowledge of how 
the brain learns, which can be applied in an adult learning context. Action research 
has the potential to be more than just a useful research practise. It can also be 
applied as an effective teacher learning methodology because it demonstrates the 
characteristics of high quality and effective teacher learning, and is particularly well 
suited to teaching contexts, practices and praxis. 
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Implications 
Reading, selecting and synthesising the research for this literature review, 
encouraged me to reflect on what I believed to be true about teacher learning, and 
to reconsider the effectiveness of the teacher learning I had facilitated for a broad 
range and number of teachers including new and beginning, overseas trained, 
experienced teachers and teacher leaders, in specialist and non-specialist education 
settings and for individuals, small groups, whole school and inter-school groups. My 
experience had taught me that teacher learning needed to be individualised as far as 
practicable, to the daily context and background experience of teachers - it had to be 
a collaborative, active and relevant learning experience. I also felt that teacher 
learning needed to start at the edge of teacher knowledge, understanding or skill and 
provide support and challenge to improve practice. It had to be evidence-informed 
and research-based. My experience had also taught me that there was a fundamental 
link between teacher quality and the educational outcomes, engagement and 
wellbeing of students.  
 
The greatest implication of this literature review for my work was developing a 
deeper understanding of just how important context was for teacher learning. In the 
six years prior to conducting my research at PHS, I had, as a curriculum consultant, 
designed, implemented and evaluated teacher learning for hundreds of teachers. 
This, however, was always facilitated as an outsider. At PHS, I was leading teacher 
learning from within. I was an insider - leading teacher learning from within the 
school, to specifically address the teacher learning needs of the school and to 
improve the outcomes for students of the school. I had a personal relationship with 
all the teacher participants, understood the culture and nuances of the school and 
the learning needs of the teachers and students. I was trusted and had credibility. 
This contributed to the design of teacher learning that achieved high efficacy. 
 
One of the interesting aspects of this research was, despite all this, only three 
teachers took the action research on. This conundrum is discussed in greater detail 
later in this portfolio. 
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In addition to developing an understanding of teacher learning, this literature review 
explored the role leaders played in leading effective teacher learning. I applied the 
criteria discussed in this review to critically reflect on my practice as a leader of 
teacher learning at PHS and through this doctorate research. I believed I was an 
effective instructional leader which was demonstrated by my capacity to adapt to, 
differentiate and personalise teacher learning. I could effectively and flexibly manage 
the school’s resources to provide a positive and supportive teacher learning 
environment that maximised teacher learning, built strong working relationships and 
contributed to the development of shared improvement goals. I identified and 
collected evidence about the impact of teacher learning and used this to inform and 
refine future learning.  
Conclusion 
Chapter 5 is the research report(s) for Workplace Project 2. The action research 
conducted at PHS served two purposes. The teachers participated in the research to 
evaluate the impact of applying their learning about the brain, the information 
processing model, the essential understandings of adolescence, pedagogical 
practices and learning tools commenced during the ‘Crazy by Design’ workshop, and 
whether this could improve student learning outcomes. The purpose of the research 
I conducted was to extend my knowledge, understanding and skills to lead action 
research and to evaluate its use as a methodology for successful teacher learning. 
The link between Chapters 4 and 5 is through the identification of common 
characteristics of teacher learning, synthesised from the research (Chapter 4) to 
create a list of characteristics for effective teacher learning and effective leadership 
of teacher learning. This was applied to design, conduct and evaluate the teacher 
learning facilitated through the action research project at PHS (Chapter 5). The 
connection to Chapter 6 occurs because the action research project at PHS was both 
teacher learning and teacher research. The teachers involved in the PHS action 
research project held the dual role of teachers participating in learning to improve 
practice, and researchers conducting research to learn more about teaching. The 
teachers involved in the PHS action research project were teachers-as-researchers. 
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1 Action research is “a disciplined process of inquiry conducted by and for those taking the action” 
(Sagor, 2000, p. 3). The primary reason for teachers to engage in action research is to assist them in 
improving and/or refining their teaching. 
2 Chapter 6 more fully explores arguments that teaching should be an evidence/research-informed 
and evidence/research-informing profession, rather than an evidence/research-based profession. 
Lingard and Renshaw’s (2010) views that teachers should work with ‘researchly disposition’, be 
interested in research and knowledge production as participants in the field of educational research, 
and be involved in research in multiple ways are explored. Evidence-informed practice is about the 
extent to which teachers engage in and with research and evidence, and particularly how they use 
these to make decisions about practice. Evidence-informed practice “is not simply about having 
information and applying it [but] involves a process of judgement” (Campbell, 2016, p. 7). 
Evidence/research-informed practices involve teachers in developing and sharing their knowledge, 
engaging in collaborative teacher learning that challenges, changes and improves knowledge and 
practice, and using evidence and research to support students’ learning. 
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